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Effect of Their Association Upon the Viability 


of the Bacteria’ 
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The yeasts that are found in yoghurt, leben and 
dahi are generally regarded as contaminants in that, 
asa rule, they result in unpleasant odors, yeastiness, or 
bitter taste. 

Little is known about the nature of these yeasts 
and their action upon the chemical constituents and 
the bacterial flora of yoghurt and the related products. 
Ram Ayyar (1928) described a yeast found in dahi 
which fermented dextrose and sucrose, assimilated 
lactic acid, and peptonized the curd. Dahi lactobacilli 
grown with this yeast lived for 1 month, whereas, grown 
alone, the lactobacilli ordinarily died in 7 days. Graham 
(1943) found that Lactobacillus bulgaricus usually died 
in 2 to 3 weeks but survived many months when grown 
with different yeasts. Five of these yeasts did not utilize 
lactic acid, whereas other yeasts which assimilated 

lactate did not extend the life of L. bulgaricus. 

1 The author obtained samples of yeast-contaminated 
yoghurt which, although several months old, contained 
viable organisms of L. bulgaricus and Streptococcus 
thermophilus. As a result of this observation, a number 
of yeasts were isolated from various samples of yoghurt 
with the purpose of investigating the effect of these 
yeasts upon the viability of the above bacteria. 


MATERIALS AND METHODS 


Twenty-seven yeasts were isolated from 35 samples 
of commercial yoghurt, most of which were obtained 
from small producers and restaurants in Wilmington 
(Delaware), Philadelphia and New York City. These 
yeasts were found to fall into three types and are re- 
fered to throughout this paper as yl, y2, and y3. 
They were isolated by streaking yoghurt on Sabou- 
raud’s agar and incubating at 25 C. The ability to 
sporulate was tested by the first four methods described 
by Wickerham (1951). The lactic acid and citric acid 
assimilation tests were carried out according to Wicker- 
ham and Burton (1948) and the vitamin deficiency as 
suggested by Wickerham (1950). 

The L. bulgaricus and S. thermophilus cultures were 
obtained from samples of yoghurt and from the Ameri- 


'This investigation was supported by a grant from the 
Faculty Research Fund of the University of Delaware. 


can Type Culture Collection (ATCC). Both organisms 
were isolated by the double plate technique as recom- 
mended by McLaughlin (1946). The lactobacilli and 
streptococci used are designated as Ll, L2, L3, L4, 
and $1, 82, 83, S4, respectively, L4 being ATCC 9224 
and S4 ATCC 7952. 

Series of tubes with equal quantities of plain milk, 
milk with 5 per cent dextrose, and curdled milk con- 
taining 0.65 per cent lactic acid were inoculated with 
each one of the three types of yeasts and incubated 
at 37 C for 48 hours. The cultures were kept at room 


temperature and at regular intervals tubes from each 
series were titrated with > NaOH and their pH was 
determined by the Beckman pH meter. 

Bottles containing 50 ml of milk were inoculated in 
duplicate with each one of the three types of yeasts in 
combination with Lactobacillus LA and Streptococcus 
S4. Both organisms were grown singly to serve as 
controls. After incubation, one set of cultures was kept 
at room temperature (20 to 25 C), and the other in the 
refrigerator (1 to 2 C). In all cultures, the total acidity 
and the pH were measured at regular intervals. 

Tubes of litmus milk were inoculated in duplicate 
with each one of the four strains of lactobacilli and 
streptococci in combination with each one of the three 
yeasts. After incubation, the cultures were removed to 
room temperature and 48 hours later one set was placed 
in the refrigerator. Two more similar sets of cultures 
which, after incubation, were covered with a layer of 
paraffin oil were prepared and treated in the same 
way. All cultures were examined at regular intervals 
for viability by subculturing one loopful in litmus milk, 
heating it at 62 C for 10 minutes to eliminate the yeast, 
and examining for growth after 48 hours’ incubation. 


RESULTS AND DISCUSSION 


Table 1 shows the characteristics according to which 
the isolated yeasts were classified. Their common 
properties were inability to ferment lactose and as- 
similate lactic acid, absence of pellicle, failure to sporu- 
late, and a comparatively high growth temperature. 
The latter may indicate adaptation of these yeasts to 
the fermentation temperature of yoghurt. On the basis 
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TaBLE 1. Differentiation of the isolated yeasts 


D. A. SOULIDES 


Fermentation | Assimilation 
Yeasts |—— aca —S a _\ tamin 
Shape Cell size 42C 45C | Dextrose Galactose | Lactose Sucrose Maltose | — —_ is: 
- | 
|, ee Long-oval 2.4 x 1.6 ao -f AG A — A A -- + 4. 
(weak) (weak) 
y2.....| Elongated | 4.4x 1.3 + + A - — — == _- ao te 
y3.....| Oval to round 4.4.x 3.3 a AG A —- AG AG — _ — 
A = acid; AG = acid and gas. 
TABLE 2. Decrease of acidity in cultures of yeasts grown in acidified milk 
yl y2 | y3 
elaeeceasss = = ieee ae ace area Se ee ee = 
1° 2* 3° 1 2 3 1 2 
TAt pH TA pH TA pH TA pH TA pH TA pH | TA pH TA pH TA pH 
Initial... ; 0.12 | 6.4 | 0.12 | 6.4 | 0.64 | 4.4 | 0.14 | 6.4 | 0.15 | 6.2 | 0.72 | 4.0 | 0.13 | 6.4 | 0.13 | 6.3 | 0.65 | 4.3 
After 60 days. 0.10 | 6.8 | 0.09 | 6.8 | 0.07 | 6.3 | 0.12 | 6.7 | 0.11 | 6.9 | 0.10 | 6.8 | 0.13 | 6.4 | 0.15 | 6.8 | 0.14 6.1 


*1 = milk + yeast; 2 = milk + dextrose + yeast; 3 
7 TA = total acidity expressed in percentage of lactic acid. 
of the characteristics referred to by Henrici (1941) 
for the classification of the asporogenous yeasts it was 
found that the three types of the isolated yeasts belong 
to the genus Torulopsis. One of the types, y2, was 
identified as Torulopsis molischiana according to the 
key and species description published by Lodder and 
Kreger-van Rij (1952). 

All yeasts had the ability to peptonize milk coagu- 
lated by lactic acid, whereas no change was produced 
in plain milk. This indicates that these yeasts possess 
proteolytic enzymes which become active under the 
acid conditions brought about by the lactic acid. The 


= milk + lactie acid + yeast. 


same peptonizing effect was displayed by the yl! and 
y2 types of yeasts on hydrochloric acid and citric acid 
milk curds. However, the y3 yeasts, although they 
grew in these curds, failed to cause proteolysis. As 
indicated in table 2, the peptonization of the lactic 
acid curds was followed by gradual decreases in total 
acidity and pH. 

The same type of peptonization took place when the 
yeasts were grown at room temperature with S. thermo- 
philus or L. bulgaricus, or both. This indicates again 
that lactic acid plays a significant part in the proteolytic 
action. Litmus milk cultures of L. bulgaricus and 


TABLE 3. Acidity changes in milk cultures of Streptococcus thermophilus and Lactobacillus bulgaricus grown in 





After 80 Days | 


Initial : Initial After 80 Days Slime Initial | After 80 Days 
Streptococcus ES aes mes Lactobacillus ees Oe Re = 
TA* pH TA pH TA pH TA pH TA pH TA pH 
‘ — . . _ | _ —__—_—___- | - . & — —e 7 
) eee 0.74 | 4.2 | 0.78 | 4.0) Ls............ 1.00 | 3.7 | 1.02 | 3.5] S +Ls.... ..| 1.38 | 3.7 | 1.40 | 3.6 
CTE os, eee 0.76 | 4.1 | 0.19 | 6.5] L; + yl......... 1.00 3.8 0.09 7.5) Si+Ls + yl.... 1.15 | 3.7 | 0.09 7.4 
ee 0.63 | 4.3 | 0.20 | 6.6 | Ls + y2..... 1.25 | 3.8 | 0.09 | 7.2 | Sy + L3 + y2....| 1.26 | 3.8 | 0.09 | 7.1 
Si + y3 0.75 | 4.0 | 0.40 | 5.0] Ls; + y3....... 1.30 3.6 0.22 | 6.0 | S;+ Ls; + y3....| 1.45 | 3.6 | 0.25 | 6.0 
*TA = total acidity. 
TaBLeE 4. Extension of viability of Streptococcus thermophilus and Lactobacillus bulgaricus strains when grown with 
the yeasts 
Litmus Milk Litmus Milk 
Streptococcus Plain With paraffin oil Lactobacillus Plain With paraffin oil 
20-25 c i-2C ~ 20-25 c 1-2 Cc 20-25 C 1-2C 90-25 | - 1-2 C 7 
SAS ree 22-34* 55-70 25-40 US CMA | RNR aes eee a 22-50 30-100 25-60 60-85 
CC | eee 110-150 230-260 20-35 150-300 | L + yl 80-170 180-300 20-50 170-270 
US ee 110-150 240 20-35 160-240 | L + y2 50-150 180-240 20-50 120-260 
Up (ae 85-140 200-240 15-30 130-240 | L+ y3 100-150 150-300 20-45 100-180 


association with the yeasts al room temperature 








* Figures indicate minimum and maximum viability in days observed with four isolates of streptococci or lactobacilli. 
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S. thermophilus grown with yeasts of the three types 
showed the usual acid coagulation reaction. However, 
upon standing at room temperature the cultures ex- 
hibited complete reduction followed by gradual pep- 
tonization which began with the formation of a purple 
ring on the surface and ended, after 7 to 8 weeks, in 
complete proteolysis. This synergistic proteolysis was 
followed by a proportionate decrease in acidity as 
shown in table 3. The same cultures, when kept in the 
refrigerator, showed no appreciable signs of peptoniza- 
tion and practically no change in acidity even after 
3"months. 

In order to define the nature of the decrease in 
acidity, determinations of lactates were carried out at 
regular intervals in cultures of bacteria grown with and 
without yeasts. The method used (Heinemann, 1940) 
consisted of dehydrating the separated lactates to 
acetaldehyde, which then was determined colori- 
metrically through its reaction with veratrole. The 
results of these tests showed that in the case of cultures 
containing yl and y2 yeasts, the lactic acid content 
was equivalent to the initial total acidity and it re- 
mained constant throughout the experiment. In the 
case of the y3 yeasts the lactates decreased concurrently 
with the acidity and totally disappeared at the end of 
the sixth week. This showed that the y3 yeasts which 
did not assimilate lactic acid in the special medium 
did so when grown in milk and in association with the 
lactic acid bacteria. Determinations of ammoniacal 
nitrogen in yl and y2 cultures showed that at the last 
stages of peptonization, ammonia will account for 
from 70 to 75 per cent: of the lactic acid present. The 
remaining lactic acid can probably be accounted for 
as calcium lactate which is formed by the liberation of 
calcium from the casein breakdown. 

Table 4 shows that, with one exception, the bac- 
teria lived appreciably longer when associated with 
the yeasts than when grown alone; their viability was 
extended by four to five times at room temperature 
and by seven to eight times under refrigeration. The 
exception occurred in the paraffin oil cultures kept at 
room temperature in which the viability of the bacteria 
did not improve. It is probable that the permanent 
anaerobic conditions created by the continuous growth 
of the bacteria under the cover of the paraffin oil had 
interfered with the normal growth of the yeasts and, 
as a result, with their protective action. This view is 
supported by the fact that, although the yeasts were 
present, the litmus remained reduced in the cultures 
for months without the slightest sign of peptonization 
of the milk. 

It has been generally believed that the early death of 
8. thermophilus and L. bulgaricus cultures is due to the 
toxie effect of the accumulated lactic acid and that 


elimination of this acid contributes to the maintenance 
of their viability. This view appears to be confirmed by 
the finding that the viability of these bacteria was 
increased as a result of their association with yeasts 
which, through synergism, either neutralized or as- 
similated lactic acid. The additional fact, however, that 
the viability of the same cultures was equally improved 
by refrigeration, during which lactic acid remained 
unchanged, leads to the broader conclusion that the 
extension of viability of the bacteria may have been 
induced also, or exclusively, by factors other than the 
elimination of lactic acid. 
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SUMMARY 


A number of nonlactose fermenting yeasts belonging 
to the genus Torulopsis were isolated from yoghurt. 

These yeasts had the ability to peptonize milk only 
in the form of acid curd. Growth of the yeasts in milk 
with strains of Streptococcus thermophilus and Lacto- 
bacillus bulgaricus resulted in synergistic peptonization 
followed by gradual decrease in acidity. 

It was found that the decrease in acidity, depending 
on the type of yeasts, was brought about either through 
assimilation of lactic acid or through its neutralization 
by the by-products of proteolysis. 

As a result of the associated growth of the yeasts 
with the bacteria the viability of S. thermophilus and 
L. bulgaricus strains was maintained in milk for 5 to 
8 months. It is suggested that such a procedure as 
described in this study may be used for the maintenance 
of cultures of the above bacteria. 
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It has been reported previously (Castellani, 1953) 
that glycine, cysteine, serine and thioglycollic acid 
partially inhibit the growth of food-poisoning strains 
of Micrococcus pyogenes in vanilla cream pastry filling. 
The present study is concerned with the effects of the 
above compounds, in particular serine, upon the growth 
of the indigenous flora of cream filling. 


EXPERIMENTAL PROCEDURE 


Except where otherwise indicated, the composition 
of the filling by weight was as follows: water 300, 
sugar 68, starch 15, nonfat milk solids 25, fresh whole 
egg 50, vanilla extract 1 and salt 1.6 parts, respectively. 
All the ingredients were combined into a liquid mixture 
and 50-ml portions were dispensed into 150-ml beakers. 
The test compounds were added to the liquid mixture, 
and where required, the pH was adjusted with dilute 
sodium hydroxide. The fillings were then gelled by 
immersing in a boiling water bath. Tryptone glucose 
extract agar with Bacto skim milk was employed as 
the plating medium. The plates were incubated at the 
same temperature at which the fillings had been in- 
cubated as indicated in the tables. Sterile milk (1 per 
cent Bacto skim milk in distilled water) was employed 
as the plating diluent. Eleven grams of filling were 
initially dispersed into 99 ml of milk. The milk was 
used instead of distilled water because the plating of 
control fillings (incubated at 30 C for 24 hours) in 
distilled water revealed that, although an uncountable 
number of colonies appeared on the 10~‘* plate, the ex- 
pected number did not appear on the 10-® plate. The 
expected decimal sequence was obtained, however, 
with the milk diluent. The cause and significance of 
these observations have not been elucidated. This 
discrepancy in plating, however, has not been observed 
in similar experiments with salmonellae, staphylococci 
and enterococci. All experiments presented or referred 
to have been duplicated, and in most instances the 
essentials of the various experiments have been repli- 
cated. The pH of the fillings, although not presented 
in every table, agreed at the time of plating with the 


1 This paper was presented in part at the 54th General Meet- 
ing of the Society of American Bacteriologists, Pittsburgh, 
Pennsylvania, May 4, 1954. 

2 This study was supported in part by funds from the Max 
C. Fleischmann Foundation Fund. 


bacteria counts, that is, a proportionately lower pH for 
increasing numbers of bacteria. 


RESULTS AND DISCUSSION 


Nature of indigenous flora. It was. considered of 
interest to characterize, at least roughly, the genera 
of the indigenous flora. In the course of numerous 
experiments extending over a two-year period the 
flora has consisted primarily of two colonial types as 
indicated by appearance in pour plates. The subsurface 
colonies of one type are smooth punctiforms. The other 
type after 24 hours of incubation is rough and fuzzy. 
Upon further incubation, the colonies become rougher 
and somewhat transparent in texture. On two occasions 
separated by a time interval of about 6 months, eight 
“roughs” and six punctiforms were isolated from in- 
cubated laboratory fillings onto agar slants. All isolates 
were catalase positive, gram positive rods. Spores 


were readily observed in all of the “roughs” and in 10 . 


of the punctiforms. As a temperature of about 80 C 
is readily obtained in the cooking of the laboratory 
fillings, it is not surprising that the indigenous flora 
responsible for “normal” spoilage is spore-forming 
bacilli. 

In plating over 30 commercially distributed cream 
pies from five bakeries, a flora similar to that previously 
described has appeared to predominate on most. oc- 
casions. In one instance, six “roughs” and six puncti- 
forms were isolated from plates of each of two incubated 
coconut cream pies made by different bakeries. With 
the exception of two punctiforms from one of the fillings 
which were gram positive, catalase negative cocci, 
all the isolates were gram positive, catalase positive, 
spore-forming rods. The predominance of spore-formers 
would be expected considering the cooking process 
employed. In a number of observations made in a large 
bakery, the filling has routinely attained a temperature 
of 83 C and higher. The presence of nonspore-formers 
in commercial filling would appear to suggest either 
that the filling was undercooked, or more likely, that it 
was contaminated after the cooking. In this connection, 
the studies of Abrahamson et al. (1952) on the improve- 
ments in bacteriological quality of cream fillings follow- 
ing the institution of recommended practices are of 
interest. 
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Fic. 1. Plate on left is from commercial filling. Plate on 
right is from laboratory filling. Note predominance of rough, 
fuzzy colonies. Plates incubated at 37 C for 24 hours. (Photo- 
graphed by Mr. Joseph Dix, A. I. B.) 








TaBLe 1. Effects of several test substances on the growth of the 
indigenous flora of cream filling 


Test Substance (Each Concentration Bacterial Count/g 


0.2 Per Cent) of Filling! | Final pH? 
Thioglycollie acid..... 134,000 6.50 
pL-serine.......... 555,000 6.75 
Leysteine HCl. ... 19,500 ,000 6.25 
oe ECO eee 121 ,000 ,000 5.90 
Glyeine + pL-serine 115,000,000 5.95 
San 180,000 ,000 5.60 


1 Fillings incubated 24 hours at 37 C. 
2 Tnitial pH of liquid mix 6.60. 


Bacteriostatic effect of the different compounds. The 
compounds which had been found in earlier studies to 
have a partial inhibitory effect upon staphylococci 
were further tested for their effects upon the indigenous 
flora. The results of an experiment employing labora- 
tory-prepared vanilla filling are presented in table 1. 
It will be observed that the bacteriostatic effect of 
cysteine, serine and thioglycollic acid increases in the 
order listed. Glycine, however, is not inhibitory, and, 
in fact, neutralizes the action of serine. 

Bacteriostatic effects of the different serine isomers. Be- 
cause cysteine and thioglycollic acid impart off-flavor, 
serine has been investigated more thoroughly than the 
other inhibitors. It was considered of interest to de- 
termine which of the isomers of serine is responsible for 
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the bacteriostasis. The data of three experiments em- 
ploying different levels of serine are presented in table 2. 
In order to increase .the accuracy of the plate counts, 
duplicate 11-g aliquots of each filling were plated in 
experiments 1 and 2. Satisfactory duplication was 
obtained, and the data are the averages of the duplicate 
platings. In experiment 3 only a single aliquot was 
plated. 

The bacteriostatic effect of the p-isomer is readily 
apparent in experiments 2 and 3 of table 2. In experi- 
ment 2, the bacteria counts with and without 0.2 per 
cent p-serine are, respectively, 2,000,000 and 
125,000,000. The bacteriostatic effect of the L-isomer 
may be similarly observed in experiment 3 where the 
bacteria counts with and without 0.3 per cent L-serine 
are, respectively, 26,000,000 and 230,000,000. That 
the p-isomer is more bacteriostatic than the L-isomer 
is clearly indicated in experiments 2 and 3. It can also 
be observed that the racemic form is the most bacterio- 
static. In experiment 1, the bacteria count for pDL- 
serine is less than that for either pb or L-serine 
(3,600,000—51 ,000,000—72,000,000, respectively). The 
above conclusions are actually suggested in each of 
the three experiments, but the above specific citations 
are made since some relationships are more clearly de- 
fined at one concentration of serine than at another. 

The data suggesting that the racemic mixture is the 
most bacteriostatic entity were unexpected. Therefore, 
in order to establish this relationship with greater 
certainty, further experiments were conducted. The 
data of two experiments are presented in table 3. In 
these experiments, single 11-g aliquots were plated, 
but serial 10-fold dilutions were made so that each 
countable plate received a 1-ml plating aliquot. It 
can be observed in both experiments in table 3 that the 
bacteria counts for 0.075 per cent p-serine plus 0.075 
per cent L-serine are less than those for either 0.15 
per cent p or 0.15 per cent L-serine. It should be noted, 
furthermore, that the bacteriostatic effect of the differ- 
ent racemic mixtures, D + L and DL, are equivalent. 

The role of the p-isomer as the bacteriostat in amino 
acid inhibitions is well established. That the L-isomer 


TABLE 2. Bacteriostatic effects of the different isomers of serine upon the indigenous flora of cream filling’: ? 





Experiment 1 


Experiment 2 | 


Experiment 3 











Per cent serine Bacteria count/g Per cent serine 


480 ,000 


150,000,000 | I ol ct - 


a ee 

are 72.0000me 61 OS. ...........:. 
ae 51,000,000 ie40.............. 
0.1 pL 3,600,000 i), ae 
JO re 300,000 J re 
Mi pO. u........ 


Bacteria count/g Per cent serine Bacteria count/g 











125,000,000 CPAs thes Serer eectiontal 230,000,000 
27,000,000 eRe a eR 26,000,000 
2,000,000 ee ee 525,000 
975,000 CES s oss. sc xsntws 230,000 

100,000 2 re 25,000 

| 160,000 0.3n0+0.3L........ 7,000 








tritional Biochemical’s #8624; in experiment 3, #4483. 
* Fillings were incubated at 30 C for 22 to 24 hours. 


1 pi-serine was Merck’s #61281, Merck & Co., Inc., Rahway, N. J. In experiments 1 and 2, p-serine was Nutritional Biochemi- 
cal’s *8335; in experiment 3, *6038, Nutritional Biochemicals Corp., Cleveland, Ohio. In experiments 1 and 2, L-serine was Nu- 
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TABLE 3. The superior bacteriostatic effect of the racemic isomer 
of serine upon the indigenous flora of cream filling 


| 


Final Bacteria Count/g of Filling? 
Per Cent Serine! mn = S 
Experiment 1 


Experiment 2 


DEG ese Sacer oer Co Ae | 177,000,000 130,000,000 
| Ce eee | 65,000,000 102,000 ,000 
OLAS eRe een 39,000,000 8,700,000 
0.075 L + 0.075 D.. 1,200,000 1,600,000 
0.15 DL..... 1,400,000 1,100,000 


0.30 DL 260 ,000 370,000 


1 pt-serine was Merck’s *61281, Merck & Co., Inc., Rah- 
way, N.J. u-serine was Nutritional Biochemicals 8624, 
Nutritional Biochemicals Corp., Cleveland, Ohio. p-serine was 
Nutritional Biochemicals * 6038. 

2 Fillings incubated at 30 C for 22 to 24 hours. 


TABLE 4. Effects of time and temperature of incubation upon the 
inhibition of the indigenous flora of cream filling by pL-serine 


Bacterial Count/g of Filling 


DL- et oe a-ak 
Serine pan ahe sath 37 ¢ 
24 hr 48 hr 24 hr 48 hr 
Per cent 
See 115,000,000 | 185,000,000 = 170,000,000 | 220,000,000 


0.2 440 ,000 


20, 800 ,000 


6,000 , 000 34, 200 ,000 


can sometimes be inhibitory has also been demonstrated 
(Castellani 1953, Teeri 1954). Indeed, Wretland and 
Rose (1950) have indicated that excessive amounts of 
L-methionine suppress growth of rats more readily 
than the p-isomer. However, the present observation 
that racemic serine is more bacteriostatic than either 
isomer would not ordinarily have been predicted. An 
interpretation of the cause and significance of this 
observation must await further investigation. 

Extent of preservative effect. One pertinent consideration 
was to assess, at least in a general way, the bacterio- 
static effect of serine for different times and tempera- 
tures. Accordingly, experiments were conducted in 
which the fillings were incubated at 30 C and 37 C for 
24 and 48 hours. Typical results are presented in table 4. 
It may be observed that at the end of 24 hours, the 
bacteria count in filling with serine at 30 C is signifi- 
cantly less than at 37 C. However, at the end of 48 
hours the bacteria counts appear to be similar. The 
fillings without serine are customarily offensive after 
18 hours at 37 C. The fillings with serine, on the other 
hand, appear and smell very fresh at the end of 24 
hours. However, at 48 hours the fillings with serine 
at 30 C and 37 C are noticeably spoiled. In fact, even 
with 0.3 per cent pt-serine the fillings are spoiled at 
48 hours. 

Bacteriostasis in commercial fillings. The incorpora- 
tion of serine into freshly cooked vanilla filling, in a 
commercial bakery, furnished no significant degree of 
bacteriostasis. A subsequent series of laboratory experi- 


TasBie 5. Neutralizing effect of sodium propionate wu, on thy 
bacteriostatic effect of pL-serine 


Figures in millions 





With 0.25 Per Cent Without 5 dium 
Sodium Propionate | Propionate 


- — 


| 


Without With 0.25 





ce or ithout 
per cent ae per cent mh 
serine sie’ serine | Seine 
Bacteria count/g of fil- 


6 nee ae ae 35 50 2.8 210 


‘ Laboratory formula modified to contain 25 g of fresh 
whole egg and 25 g of fresh egg yolk in place of 50 g of fresh 
whole egg; fillings incubated at 37 C for 24 hours. 


ments indicated that sodium propionate, an optional 
ingredient in the commercial filling, neutralized the 
bacteriostatic effect of serine. Data demonstrating 
this are presented in table 5. In this experiment the 
initially described laboratory procedures were em- 
ployed except that the filling formula was modified to 
contain 25 g of fresh whole egg and 25 g of fresh egg 
yolk in place of 50 g of fresh whole egg. This modifiea- 
tion approximated the egg content of the commercial 
formula. The results of several experiments suggested 
also that the neutralizing effect is more decisively il- 
lustrated in this modified formula. 

Further experiments were conducted in order to 
evaluate the possible bacteriostatic effect under com- 
mercial conditions. In these experiments, the fillings 
were made with commercial ingredients and equipment 
on the premises of a large bakery. However, the batches 
were of laboratory proportions prepared by the previ- 
ously described laboratory procedure. The laboratory 
formula was modified to contain 20 g of starch and 
frozen egg in place of fresh egg. pL-serine * W-2575 
kindly furnished by the Monsanto Chemical Company 
was employed in this series of experiments. The cooked 
filling was dispensed in 250-g amounts into 6-inch pre- 
baked pie shells and incubated at 37 C for 24 hours. 
In two experiments, the bacteria counts per g of filling 
with 0.3 per cent DL-serine were 4,300,000 and 4,000,000. 
The bacteria counts in the respective controls lacking 
serine were 120,000,000 and 115,000,000. In one ex- 
periment, with 0, 0.2, 0.3 and 0.4 per cent pL-serine 
the bacteria counts per g_ were, respectively, 
163,000,000, 8,000,000, 1,600,000, and 600,000. 

Effects of different ingredients. It has been observed in 
other laboratory experiments that the bacteriostatic 
effect of serine is lessened in coconut and chocolate 
fillings. Upon the addition of 2.5 g of coconut per 59 ml 
of liquid mix, typical bacteria counts in fillings with 
and without 0.2 per cent pi-serine after 24 hours at 
37 C ranged between 15,000,000 to 30,000,000 and 
225,000,000 to 350,000,000. Visual inspection of the 
colonial morphology suggested that the flora of control 
fillings was predominantly the indigenous type previ- 
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ously described, but other lens-shaped colonies were 
also present. Initial experiments with chocolate and 
eocoa indicate a similar lessening of the bacteriostatic 
effect of serine, but the data have been somewhat er- 
ratic. 

Of even greater significance is the observation that 
the inhibitory effect of serine upon staphylococci is, 
for all practical purposes, completely neutralized by 
coconut and cocoa (unpublished data). The omission 
of milk solids from the formula does not appreciably 
alter these relationships. However, serine exerts a 
pronounced bacteriostatic effect upon staphylococci 
in a pineapple cream filling at pH 4.6. 

The above results indicate that the bacteriostatic 
effect of serine must be separately evaluated for the 
different kinds of fillings. 
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SUMMARY 


The indigenous flora responsible for “normal”’ 
spoilage of properly cooked laboratory and commercial 
filling appear to be several species of spore-forming 
bacilli. 

Serine, cysteine and thioglycollic acid exert a bac- 
teriostatic effect upon the indigenous flora of vanilla 
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cream filling. Glycine is not inhibitory, and, in fact, 

counteracts the bacteriostatic effect of serine. 

Racemic serine appears to be more bacteriostatic 
than either isomer. Both isomers, however, are in- 
dividually bacteriostatic, the p-isomer more so than 
the L-isomer. 

With regard to off-odors resulting from microbial 
growth in the filling, the preservative effect of 0.2 to 
0.3 per cent pi-serine does not reach 48 hours at either 
30 C or 37 C. However, the preservative effect is quite 
marked at 24 hours at 37 C. 

The bacteriostatic effect of serine has been demon- 
strated in fillings prepared under ‘‘commercial” condi- 
tions in a large bakery. 

Sodium propionate lessens the bacteriostatic effect 
of serine for the indigenous flora. 

Coconut and cocoa completely neutralize the bac- 
teriostatic effect of serine upon staphylococci, but 
serine exerts a pronounced inhibition in a pineapple 
cream filling. 
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The primary objection to using anaerobe jars has 
been the difficulty and expense involved in obtaining a 
safe but readily available supply of hydrogen. Very 
early, a Kipp generator was used for this purpose, and 
later, cylinders of hydrogen with manometers and 
reducing valves. The several explosions which have 
been reported in recent years can be traced to the im- 
proper use of of reducing valves so that too great a 
pressure of hydrogen was introduced into the jar. The 
Brewer jar (Brewer, 1939 and Evans et al., 1948) does 
not require evacuation or flushing with hydrogen and 
an excess of hydrogen need not be available. For this 
reason, it is possible to employ a technique in which the 
hydrogen is slowly evolved and can be utilized as it 
is produced. 


MATERIALS AND METHODS 


Recently, we have made use of sodium borohydride! 
for producing hydrogen very slowly in an anaerobe jar. 
A very small amount of this material enclosed in a 
capsule will evolve sufficient hydrogen to produce 
anaerobiosis and a weighed amount of the chemical 
can be used without developing excess hydrogen pres- 
sure. Sodium borohydride is an off-white powder which 
is stable indefinitely in dry air but decomposes slowly 
in moist air. This compound will react slowly with water 
at room temperature and rapidly in the presence of 
certain metallic ions, for example Co** or Ni** giving 
the following reaction: 

NaBH, + 2H20 aoa NaBO» + 4Hp 

Preliminary experiments showed that the reaction 
of 0.6 g of sodium borohydride with water, using cobalt 
chloride as a catalyst, yielded approximately 500 ml of 
hydrogen in the first 30 minutes and nearly 1250 ml of 
hydrogen in an hour. The hydrogen is evolved slowly 
and catalytically burns out the oxygen so that an 
explosive mixture under high pressures does not exist. 

The anaerobe jar employed by us holds approxi- 
mately 2500 ml and the procedure employed was modi- 
fied as follows: 


PROCEDURE 
We placed 0.6 g of sodium borohydride in 40 ml of 
water in a beaker and added 0.2 g of cobalt chloride 


as a catalyst. The beaker was placed directly in the 
jar. The rubber tubing of the lid was closed with a screw 


1 Metal Hydrides, Inc., Beverly, Massachusetts. 


clamp and the reaction allowed to proceed for 3) 
minutes. The anaerobe jar was then attached to the 
electric outlet (110 v AC) and left for 30 minutes, a 
which time it was disconnected and placed in the 
incubator at 35 C for 48 hours. 

As at times the jar would be quite full of Petri dishes 
and tubes, the above procedure was modified to use 3 
test tube rather than a beaker. A small amount of 
octyl alcohol was added to the water containing the 
sodium borohydride and catalyst to prevent the ef. 
fervescing material from bubbling out of the test tube 
and the same procedure was followed. 

For convenience, 0.6 g of the sodium borohydride 
was packed in #0 gelatin capsules which were stored in 
screw cap bottles. This provided a ready supply oi 
measured material for experimentation. This practice 
was satisfactory for short periods of time only, hov- 
ever, since the moisture of the air and the handling of 
the capsule in packing caused the slow decomposition 


of the compound. This difficulty may be overcome by § 


placing these capsules under vacuum. For convenience, 
the cobalt chloride was compressed into tablets con- 
taining 0.1 g of chemical. 


RESULTS 
Strains of Clostridium tetani and Clostridium novyi 
were grown on 5 per cent blood agar plates using the 
above procedure and in Trypticase Soy Broth’. The 
growth in both cases compared favorably with control 
cultures grown in anaerobic jars run with hydrogen 
from a cylinder. The moisture produced in these jars 
was essentially the same as that produced in the 
control jars. 
SUMMARY 


A simple, versatile method of producing hydrogen in 
anaerobe jars is described. It is based on the reaction 
of sodium borohydride with water in the presence of a 
catalyst. It eliminates the need for gauges, manometers, 
cylinders, and the danger of explosion from hydrogen 
under very high pressure. 
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Action of Bacteriophage on Mixed Strain Cultures 


III. Strain Dominance Due to the Action of Bacteriophage and 


Variations in the Acid Production of Secondary Growth Bacteria 
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In some countries, single strain cultures of Strepto- 
eoccus lactis and Streptococcus cremoris are used for 
fermenting lactose in the manufacture of certain dairy 
products. In the United States, several strains of lactic 
streptococci are present in most of the cultures sold to 
dairy plants. In both single and mixed strain cultures, 
acid production may be subnormal because of the 
action of bacteriophages. Single strain cultures usually 
sop producing acid abruptly, but in mixtures the 
retardation varies from slight to great. Considerable 
data are available for explaining the action of bacterio- 
phages on single strain cultures, but accumulating such 
data for mixtures has been discouraged by the diffi- 
culties encountered in analysis of unknown mixtures. 
This investigation of the action of bacteriophages on 
mixed strain cultures was undertaken to obtain data 


§ that would explain the various degrees of retardation 


encountered in mixtures. 

The present phase of the study was designed to 
determine the influence of successive additions of 
diferent strains of bacteriophage on known mixtures of 
lactic streptococci, and to study variations in acid 
producing ability after “recovery” from the action of 
bacteriophages. Although extremely small initial 
iumbers of a bacteriophage are sufficient to cause mass 
lysis of a single strain culture (Collins, 1951), it recently 
has been demonstrated that a very large proportion of 
the rapidly growing bacteria of a mixture must be 
susceptible in order for a bacteriophage to cause an 
appreciable reduction in the amount of acid produced 
(Collins, 1952b). Varying degrees of recovery of acid 
producing powers normally occur when cultures that 
have been attacked by a bacteriophage are incubated 
for extended periods. Such recovery in single strain 
cultures is generally attributed to the rise of secondary 
goowth bacteria. The recovery of acid-producing 
powers in mixed strain cultures was ascribed by Nichols 
and Ineson (1947) to the growth of resistant strains. 


MATERIALS AND METHODS 


By using laboratory strains of Streptococcus lactis 
instead of a commercially prepared culture it was pos- 
ible to inoculate known mixtures of bacteria with differ- 
tnt known strains of bacteriophage. Bacteria-bacterio- 
phage combinations 565-F54, W2-F24, and 712-F56 


were chosen, because the strains of bacteria involved 
have high rates of acid production. Furthermore, it 
previously had been shown (Collins, 1952a) that very 
large numbers of bacteriophage F56 are capable of 
decreasing the amount of acid produced by W2. 
Bacteriophages F54 and F24 have no demonstrable 
effect against the bacteria employed except for their 
respective hosts. 

Whey filtrates were diluted in sterile skimmilk, and 
the limiting active-dilution method (Collins, 1951) 
was used for determining bacteriophage titers. Two 
300-ml bottles of sterile skimmilk, maintained at 32 C 
in a thermostatically controlled water bath, were 
inoculated with 1 ml of each of three strains of bacteria 
and one of the three homologous strains of bacterio- 
phage (approximately 250 particles of bacteriophage 
per ml). Two additional bottles, inoculated only with 
bacteria, served as controls. Just before completion of 
a 6-hour incubation period, 1 ml of each mixture was 
transferred to 100 ml of sterile skimmilk. (This pro- 
cedure minimized the possibility of contaminating the 
mixtures with undesired strains of bacteriophage in 
the process of withdrawing samples at 6 and 7 hours for 
determinations of titratable acidity.) The subcultures 
were incubated for 16 hours and propagated a second 
time. Titratable acid productions during 6 and 7 
hour were then determined, both with and without 
the addition of a second homologous strain of bac- 
teriophage. In this manner duplicate experiments were 
continued until each of the three strains of bacterio- 
phage had been added during a series of transfers. 

The term “secondary growth” is used to describe 
cultures that arose after mass lysis of bacterial strains 
by homologous strains of bacteriophage. Secondary 
growth cultures were prepared by inoculating sterile 
skimmilk with bacteria and bacteriophage. Subcul- 
tures, made after an incubation period of 6 hours, 
required at least 20 to 24 hours to coagulate. Subse- 
quently they were transferred daily and incubated for 
16 hours, or until coagulation. 


RESULTS 


Representative data in table 1 show that with an 
original mixture of three bacterial strains the titratable 
acidity values were not influenced appreciably by any 
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TABLE 1. The influence wpon acid production of adding different strain of bacteriophage. However, a subcultur: pre. 
strains of bacteriophage at intervals of two propagations to pared after addition of F24, though not retarded by 
a mixture of Streptococcus lactis strains 712, W2 and 665 “ae . ne : 

i : F56, was retarded considerably by F54. In anothe 


Bacterio- | Titratable Acidity experiment (not shown in the table) 1-ml quantities 
Identificati Mixture ae se ; 
NR ae ae Wdded a filtrate prepared at 7 hours from this retarded sub. 


6 hr* | 7 hr 


culture did not inhibit the growth of culture 712. The 


sala Bigg A 
7 ; rae wah, ee adap subnormal growth of 712 in the mixture thus could no 
Original mixture of 712, W2 and 565 | None 0.58 0.70 : : : ; 
24 0.56 | 0.70 be attributed to the action of bacteriophage. Subs. 
P54 0.50 0.66 quently, it was found that culture 565 rapidly dominate 
F56 0.50 | 0.65 712 (Collins, 1955). A subculture prepared after adding 
F54 to the original mixture was not retarded appreciably 
Subculture after addition of F24 None 58 6 ; x : 
Subculture after addition of F24 | None OS | 0:0 by bacteriophage F24. However, it produced only , 
(presumably 712 + 565) F56 0.57 0.69 Ses : sie : 
P54 038 | 0.46 small amount of titratable acid when F56 was added, 
This action of F56 against W2, when the latter wa 
Subculture after addition of F54 None 0.51 0.69 growing with 712, was attributed to a large population 
(presumably 712 + W2) P24 0.49 | 0.56 of F56. A subculture prepared after. adding F56 ty 
756 I NH « e . ~, 
F56 | the original mixture, although not retarded by F24 
Suieulters after addition of F356) None | 0.88 | 0.67 produced little acid when F54 was added. This low 
(presumably 565) F24 0.56 0.69 acidity value, after lysis of 565 by F54, revealed that 
F54 0.26 0.26 “56 had previously caused considerable reduction in 
the number of W2 bacteria. In all instances, adding 
Subculture after successive addi- | None 5 2 ; % 
Enertane etter snecesive abdi- | None Dee | eee the third bacteriophage to the mixtures yielded very 
tions of F24 and F56 (presumably | F54 0.31 0.31 : an a . : : 
565) low titratable acidity values. Two of these instances 
are reported in table 1. 
Subculture after successive addi- None | 0.57 | 0.68 Coagulation of the subcultures prepared after adding 
j : ‘D4 « 5 ras « , 756 : . . . . 
a of P24 and F54 (presumably — F56 0.30 0.30 the third homologous strain of bacteriophage to the 
ile ° . . . . . 
eee : mixtures usually required an incubation period of 2 
* The incubation temperature was 32 C. hours or more. Subsequently they differed considerably 


TABLE 2. Acidity values and bacteriophage titers* of secondary growth cultures incubated for 6 hours at 32 C 





No. Propagations Most Probable No. 








. an Most Probable No. _ Most Probable No. 
Titratable : : Titratable ebro eg Titratable Ske ca tee 
Activity Test | Acidity”  particlesron” Acidity ‘aul Acidity "faasaler” 
per cent 7 wien per cent per cent 
Cultures originating from combination 712-F56 
eck - a” ; a ' 712B - ¥ — 712C 
0 0.25 a_i 0.26 = 0.25 _ 
2 0.38 4.5 X 10° 0.35 4.5 X 103 0.36 2.5 X 10° 
6 0.37 4.5 X 105 0.36 2.5 X 10! 0.50 <0.33 
10 0.41 _— 0.40 — 0.52 — 
Coleus etahentins hiaah neeiiteaaiies W2-F24 
W2At W2B W2C 
0 0.27 — 0.27 — 0.26 a 
2 0.31 2.5 X 107 0.52 2.5 X 10° 0.51 4.5 X 10° 
6 0.34 4.5 0.50 <0.33 0.50 <0.33 
10 — — 0.53 — 0.52 — 
pias = a Calmees dibiaashin from combination 565-F54 
565A 565B 565C 
0 0.26 —_ 0.26 — 0.26 _ 
2 0.32 4.5 X 107 0.48 9.5 X 105 0.24 2.5 X 108 
6 0.41 4.5 X 107 0.37 4.5 X 10! 0.34 2.5 X 108 
10 0.21 —_ 0.36 — 0.37 —_ 


* Cultures from which the secondary growth bacteria had originated were used for enumeration procedure. 
+ Not determined. 


t Discarded after six propagations because the time required for coagulation was in some cases greater than 24 hours. 
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in acid production. Although some produced as much 
acid during 6 or 7 hours as do primary growth bacteria, 
they were nevertheless considered to be secondary 


| growth, for acid production was not retarded by simul- 


taneous additions of very large numbers of all three 
strains of bacteriophage. 

To study differences in acid production, nine second- 
ary growth cultures were used—three prepared from 
each of combinations 712-F56, W2-F24, and 565-F54. 
Three mixtures also were studied. Each mixture con- 
tained three of the secondary growth cultures—one 
from each of the three combinations. Activity tests 
were run, and bacteria-free filtrates were prepared from 
part of the cultures so that bacteriophage titers could 
be determined. Data in table 2 show that the activity 
of some secondary growth cultures changed after two 


| propagations and that cultures prepared from the same 


original strain of bacteria differed considerably in acid 
production. Cultures with the highest titratable acidity 
values were found to contain the lowest numbers of 
bacteriophage. Each tested propagation of mixtures 
II and III in table 3 produced high titratable acidity, 
probably because of the presence of at least one fast 
component strain: Bacteriophage titers revealed very 
lov numbers of the bacteriophages that were active 
against the fast component strains. 

Six fast acid-producing secondary growth cultures 
were chosen after three transfers to study in greater 
detail the relationships of carried bacteriophage. Ac- 
tivity tests were run after each daily propagation, and 
the subcultures were filtered after titratable acidity 
had been determined so that the bacteriophage could 
be titered. The variations in acid production en- 
countered in some cases would have been unnoticed 
if observations had been made only to note whether or 


TABLE 3. Acidity values and bacteriophage titers of mixtures of 
secondary growth cultures incubated for 6 hours at 32 C 


No, Propaga- | Most Probable No. of Bacteriophage Particles 


tions as a itratable ml Active Against Culture: 
Mixture Prior Ties i 
to Activity pee : ; = 
Test 712 W2 565 


Mixture I. Cultures 712A, W2A and 565A were mixed after one propagation. 


per cent 

0.36 9.5 X 10° | 9.5 X 10! 1.5 X 10° 
5 0.36 4.5 X 105 <0.33 9.5 X 104 
9 0.40 —* = _ 


Mixture II. Cultures 712B, W2B and 565B were mixed after one propagation. 


1 0.52 4.0 X 10? | 4.5 X 104 | 2.5 X 105 
5 0.51 <0.33 <0.33 4.5 X 10! 
9 0.53 — — 


Mixture III. Cultures 712C, W2C and 565C were mixed after one propagation. 


: 
2.5 X 105 | 4.5 & 105 


] 0.50 2.5 X 10? 
5 0.53 <0.33 <0.33 <0.33 
9 0.52 — — — 


* Not determined. 
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TABLE 4. Acidity values and bacteriophage titers* after incuba- 
tion for six hours at 32 C for secondary growth cultures 
that originated from combination 712-F 56 


No. Propagations Prior 
to Activity Test 


Most Probable No. of Bacterio- 


Titratable Acidity phage Particles/ml 


per cent 


A. Culture 712D 
12 0.47 9.5 X 10 
13 0.37 2.8 16" 
14 0.31 2.5 X 108 
15 0.28 4.5 X 10? 
16 0.28 2.5 X 10’ 
17 0.48 9.5 X 104 

B. Culture 712E 
6 0.51 1.5 xX 16 
7 0.35 2.5 X 108 
8 0.27 9.5 XK 106 
9 0.35 2.5 X 10! 
10 0.34 9.5 X 10! 


* Culture 712 was used for enumeration procedure. 


not coagulation occurred during a normal incubation 
period of 16 hours. Selected data in table 4 show varia- 
tions for two secondary growth cultures of 712. Sud- 
den decreases in titratable acidity were accompanied by 
or followed immediately by high bacteriophage titers. 
The titratable acidity value for culture 712D was high 
after 17 propagations. Subsequently, the values for 
this culture remained high (approximately 0.50 per 
cent) throughout 42 propagations (not reported in 
table 4), and bacteriophage was not found after the 
twenty-fourth propagation. Titratable acidity values 
for 712E and corresponding bacteriophage titers varied 
throughout 50 propagations. Although the variations 
usually were not as great as that shown in table 4, 
highest titers were found concurrently with sudden 


TaBLe 5. The influence of reintroducing bacteriophage into 


cultures isolated from secondary growth cultures 


Culture 


712F* 
712F1t 
712F1P§ 
712G* 
712G1t 


712G1P§ 


Bacteriophage | Tiratable | Most Probable No. 
at 6 hr Particles/ml 
per cent 
None | 6.48 2.5 X 10! 
F56 | 0.49 cal 
None 0.57 <0.33 
F56 0.32 a 
None 0.44 4.5 X 10° 
F56 0.44 _ 
None 0.39 2.5 X 105 
F56 | 0.39 = 
None | 0.48 | <0.33 
"56 0.45 os 
None 0.39 = 
F56 0.38 — 


* Original secondary growth culture resulting from action 


of F56. 


+ Not determined. 

t Culture isolated by plating original secondary growth 
cultures 712F and 712G, respectively. 

§ Isolated culture after reintroduction of bacteriophage F56 
into 712F1 and 712G1, respectively. 
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decreases in titratable acidity. Similar variations were 
encountered in secondary growth cultures of 565. Two 
secondary growth cultures of W2 did not carry bac- 
teriophage after the fifth and sixth propagations. Both 
retained the ability to produce acid about as rapidly 
as do primary cultures of W2, and neither became 
sensitive to bacteriophage F24 during 25 and 40 
propagations. 

Cultures 712F and 712G were studied to establish 
whether isolated cultures (freed from bacteriophage by 
plating) could be selected that would produce acid more 
rapidly than the original secondary growth cultures. 
Bacteriophage was reintroduced into those isolated 
cultures that produced acid rapidly. Data in table 5 
show that culture 712F1, isolated from 712F, did not 
carry bacteriophage and produced higher titratable 
acidity than did 712F. Following reintroduction of F56 
the titratable acidity value was very low; subsequently, 
this culture again carried bacteriophage and produced 
slightly lower acidity values than did 712F. Culture 
712G1 produced slightly more acid than 712G, from 
which it had been isolated. After bacteriophage was 
reintroduced, acid production was lowered to the 
original rate. 


DIscussION AND SUMMARY 


Different homologous strains of bacteriophage 
acted according to predictable patterns upon a mixture 
of three different strains of Streptococcus lactis. As long 
as one fast acid-producing strain of bacteria remained 
in the mixture, added bacteriophage suppressed sus- 
ceptible strains without appreciably influencing de- 
velopment of acid. The addition of a bacteriophage 
active against the final fast acid-producing strain 
resulted in very low titratable acidity values, similar 
to those usually obtained after adding a bacteriophage 
to a single strain culture. The failure of secondary 
growth bacteria to contribute appreciable acid is 
believed to indicate that the lysis of one or more strains 
of bacteria in a mixture of susceptible and resistant 
strains reduces the lysed strains to unimportant levels. 
The over-all effect is essentially a reduction in the 
number of productive strains. 

The titratable acidity values for mixtures of secondary 
growth bacteria were about equal to those for the 
fastest component strain. Single strain cultures differed 
considerably in rate of acid production. In the instances 
studied, acid production rates seemed related to the 
presence of bacteriophage. A decreased titratable 
acidity concurrent with high titers—and also a high 
bacteriophage sensitivity of one culture freed from 
bacteriophage by colony isolation—suggested the 
presence of both sensitive and resistant cells within 
certain secondary growth cultures. Graham ef al. 
(1951) reported a state of equilibrium that limits 
bacteriophage multiplication within certain mixed 
strain cultures, for example, if a sensitive strain is only 


a very small proportion of the total population, i: egy 
support a multiplication of bacteriophage th:t js 
sufficient for the continued presence of bacteriop age, 
yet insufficient for mass lysis of the sensitive s°raip, 
The data herein reported suggest a somewhat different, 
and potentially unstable, equilibrium among sensitive 
cells, bacteriophage, and resistant cells within certain 
single-strain secondary growth cultures: Shifting the 
equilibrium toward a high proportion of sensitive cells 
would permit bacteriophage to cause variations jn 
acid production; a predominance of resistant bacteria 
could account for instances in which a “‘carried”’ bac- 
teriophage is lost. 

Although a temperature well above those commonly 
used for carrying cultures in dairy plants was necessary 
for adequate growth of the cultures used in this study, 
the principles demonstrated undoubtedly apply to 
lower temperatures. If that is so, small numbers of 
different strains of bacteriophage may gain entrance to 
a cheese vat and become very numerous during a day’s 
operation without causing detectable difficulty. How- 
ever, unless extreme care is taken, particles may gain 
entrance to the mother culture. Thus a gradual elimina- 
tion of strains of bacteria from a mixed strain mother 
culture may occur unnoticed over a period of time, 
thereby evolving a culture that contains only one 
strain of bacteria capable of producing appreciable 
amounts of lactic acid. Subsequent introduction (in 
cheese vat, bulk starter, or mother culture) of a bac- 
teriophage active against such a strain would result 
in retarded acid development or starter failure. Con- 
siderable caution should be observed in using “re- 
covered”’ cultures for fermentation of lactose in the 
manufacture of dairy products. Secondary growth 
bacteria that carry bacteriophage should be especially 
avoided. 
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Mixed strain cultures, used extensively for the manu- 
facture of certain dairy products, have generally been 
thought to give a measure of protection against pos- 
sible serious retardation of acid development resulting 
from attack by bacteriophages. Yet little information 
is available as to the influence that continued propaga- 
tion has on the individual strains of lactic streptococci. 
Nichols and Ineson (1947) reported that certain strains 
rapidly outgrow others and become responsible for 
most of the acid produced in mixtures. Domination 
occurred at 22 C and at 32 C, and wide differences in 
inocula did not determine ultimate strain dominance. 

This investigation of domination among laboratory 
strains of lactic streptococci was combined with an 
investigation of the extent of domination within certain 
commercial cultures that had produced acid sub- 
normally in the manufacture of cottage cheese. Five 
laboratory strains of streptococci and 14 commercial 
cultures were studied. 


EXPERIMENTAL 


Domination Among Laboratory Strains of 
Lactic Streptococci 


Methods. The bacteria-bacteriophage combinations 
arbitrarily chosen for use in preparing mixtures were 
W2-F24, 565-F54, 712-F56, ML1-F69, and H1,10- 
PF10. The strains of bacteria were identified by Collins 
et al. (1950) as follows: Strains W2, 565, and 712 were 
Streptococcus lactis; strains ML1 and H1,10 were 
Streptococcus cremoris. Each of these strains is lysed 
only by its specific strain of bacteriophage out of the 
group studied. Since bacteriophage F56 inhibits W2, 
without multiplying during the inhibition (Collins, 
1952), it was not added to mixtures containing culture 
W2. 

Titers of bacteriophage filtrates were determined by 
the limiting active dilution method (Collins, 1951). 
Dilutions were made in sterile skimmilk, and those 
dilutions that had the desired number of particles 
were also used as inocula in subsequent experiments. 

The following procedure, similar to that of Nichols 
and Ineson (1947), was used for determining domina- 
tion: Bottles containing 100 ml of sterile skimmilk 
were adjusted to 32 C and given a 1 per cent inoculation 
of 16-hour cultures. One bottle served as a control, and 
a different strain of bacteriophage (about 2,500 particles 
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per ml) was added to each of the others. After these 
bottles had been incubated for 6 and 7 hours at 32 C, 
titratable acidity determinations were made. Concur- 
rently with the preliminary inoculation described 
above, one cold bottle of skimmilk was also inoculated 
with bacteria. This bottle was returned to the re- 
frigerator and later incubated for 16 hours. It was sub- 
cultured daily for use as inoculum in activity tests. 
Where tests revealed that daily addition of a particular 
strain of bacteriophage progressively caused less acid 
to be produced, the strain of bacteria corresponding to 
that bacteriophage was considered to predominate. 

Results and discussion. Eleven different combinations 
of five laboratory strains of bacteria were mixed and 
tested for strain domination. In most cases only a few 
daily transfers were required for one strain to pre- 
dominate, which parallels the results of Nichols and 
Ineson (1947). From the results it was possible to 
arrange the five different strains of bacteria in de- 
scending order of their capacity to dominate, as follows: 
565, ML1, W2, 712 and H1,10. To verify this order 
and study domination among the strains remaining 
after lysis of the dominant strain, two mixtures of four 
strains in which 565 had become dominant were used. 
Cultures with low acidity after lysis of the dominant 
strain were incubated until coagulated, and used the 
following day as inoculum in activity tests. The an- 
ticipated order of domination was verified. Data given 
in table 1 for one mixture show that ML1 became 
dominant immediately, during recovery of the mixture 
after lysis of 565. Domination by W2 followed lysis of 
ML1, and lysis of W2 permitted domination by H1,10. 
Results were similar for a mixture containing 712 
instead of W2. Culture 712 predominated immediately 
after lysis of 565 and MLI1. 

For both a culture of 565 and a mixture with 565 
dominant, the increases in titratable acidity between 
4 and 8 hours were compared, with and without addi- 
tion of bacteriophage F54. In the absence of bacterio- 
phage, the culture and the mixture produced similar 
amounts of acid. With bacteriophage F'54 added, both 
titratable acidity values were very low at 4 hours, but 
by 8 hours the bacteria other than 565 in the mixture 
(presumably culture ML1) had caused increases in 
acidity. 

The rapid domination noted among the strains of 








142 


TaBLeE 1. Strain dominance during ‘‘recovery”’ following lysis of 
the dominant strain within mixtures of single strain cultures 


Titratable 





, Wentifcation of Mixture | Bavteignhase | Acidity ohe | Dominant 
Bacteriophage 
per cent 
Mixture of 565, ML1, None 0.53 565 
W2 and H1,10 after F54 0.317 
20 propagations F69 0.60 
F24 0.57 
PF10 0.59 
Subculture after addi- None 0.50 MLI1 
tion of F54 (presum- —- F69 0.344 
ably ML1 + W2 + F24 0.52 
H1,10) PF10 0.51 
Subculture after suc- None 0.57 W2 
cessive additions of F24 0.407 
F54 and F69 (pre- PF10 0.52 
sumably W2 + H1, 
10) 
Subculture after suc- None 0.56 H1,10 
cessive additions of PF10 0.27 


F54, F69, and F24 
(presumably H1,10) 


* The strain of bacteria corresponding to the bacteriophage 
that caused retardation was considered to predominate. 

+ This culture was incubated at 32 C until coagulated and 
used as inoculum for activity tests the following day. 


bacteria led to an experiment to determine the produc- 
tion of growth inhibitors of the type reported by Hoyle 
and Nichols (1948). Bottles of sterile skimmilk were 
each given a | per cent inoculation of a different culture, 
and bacteria-free filtrates prepared after 24-hour in- 
cubation. The results were not tabulated, because none 
of the filtrates (added to skimmilk in quantities of 10 
ml per 100 ml of skimmilk) decreased the amount of 
acid produced during 6 hours by any of the five strains 
of bacteria. 

The differences in the amounts of acid produced by 
the cultures suggested that acid tolerance and domina- 
tion might be related. Titratable acidity values were 
therefore determined daily for each culture after inocu- 
lation into skimmilk, both with and without the 
addition of 0.25 per cent lactic acid. Adding this 
amount of lactic acid yielded an initial pH of 5.3, which 
was expected to exaggerate any differences that might 
develop during an incubation period of 16 hours. In the 
absence of added lactic acid, the average of six titratable 
acidity values for each of cultures 565, ML1, W2, 712 
and H1,10 were 0.735, 0.732, 0.747, 0.723 and 0.633 
per cent, respectively. With lactic acid added, average 
titratable acidity values were 0.700, 0.673, 0.665, 0.657 
and 0.580 per cent, respectively. Although the differ- 
ences were small, low pH was somewhat less effective 
in retarding the cultures that had shown greater powers 
of domination. 
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DoMINATION WITHIN CoMMERCIAL CULTURES 


Methods. For studying the 14 commercial cultures 
that had produced acid subnormally, either uncoagu- 
lated skimmilk or whey was obtained from the vat of 
cottage cheese in which acid had developed slowly, 
When skimmilk was obtained, whey was separated by 
coagulation with 10 per cent lactic acid. A transfer of 
the mother culture was obtained and _ propagated 
at 22 C. Activity of the whey against the mother cul- 
ture was confirmed by experiment, and a bacteria-free 
filtrate prepared. 

The activities of bacteriophages present in this filtrate 
made possible the following step-wise procedure for 
isolating different strains of bacteria from the mother 
culture. First, isolated colonies were obtained by plating 
the mother culture on modified trypticase soy agar 
(Mull, 1950), and a susceptible culture was chosen and 
purified by colony isolation. Second, the purified cul- 
ture was used to isolate a bacteriophage plaque from 
the bacteria-free whey, and the resulting filtrate then 
purified by a second plaque isolation. Third, sterile 
skimmilk, inoculated with the mother culture and puri- 
fied filtrate, was incubated at 32 C for 6 hours and 
plated; from isolated colonies resistant to the purified 
filtrate a second strain of bacteria was chosen for iso- 
lating a second strain of bacteriophage from the original 
bacteria-free whey. Fourth, inoculation of skimmilk 
with the mother culture and the two purified filtrates 
permitted isolation of a third strain of bacteria, and 
the step-wise procedure was repeated until colony 
isolation gave cultures that were resistant or produced 
acid very slowly, or (as in two cases) until the use of 
apparently sensitive cultures did not result in plaque 
formation. This failure of plaque formation occurred 
in both cases after one or more bacteria-bacteriophage 
combinations had been isolated. Reasons were not 
determined. Potter and Nelson’s (1952) modifications 
of a procedure described by Turner and Nelson (1951) 
were used for making plaques. 

Numbers were used to designate single strains of 
bacteria isolated from a culture; letters were used to 
designate the corresponding strains of bacteriophage. 
For example, TN-B designated the bacteriophage iso- 
lated by using strain TN-2, the second single strain of 
bacteria isolated from the commercial culture TN. The 
only whey used in the isolation procedure was that 
obtained from skimmilk in which a given culture 
had produced acid subnormally. Undoubtedly, a 
larger variety of bacteria and bacteriophages could have 
been isolated had a mixture of all the wheys been em- 
ployed against each culture. 

After the strains of bacteria and bacteriophage had 
been isolated, some of each whey was heated in flowing 
steam for 10 minutes to inactivate bacteriophages. Acid 
produced by 1 per cent of mother culture then was 
determined, with and without adding 1 per cent of 
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heated whey, unheated whey, or a mixture of the 
purified filtrates. Titratable acidity determinations 
were made after incubation at 32 C for 5 and 6 hours 
in skimmilk fortified with 0.1 per cent trypticase. 

Cross-reactions of bacteriophage filtrates were run 
in litmus milk fortified with 0.1 per cent trypticase. 
Tubes of litmus milk were inoculated with one drop of 
fresh bacterial culture, diluted 1 to 8 in litmus milk, 
and one drop of the desired bacteriophage filtrate. 
Tubes containing bacteriophage were compared to a 
control culture after incubation for 16 hours at 32 C, 
and cultures that did not show the typical coagulation 
of the control were considered susceptible. 

Results and discussion. Although the heated wheys 
did not cause any of the 14 commercial cultures to 
produce acid subnormally, addition of the unheated 
wheys resulted in titratable acidity values that were 
slightly lower to much lower than control values. These 
differences in activity for heated and unheated wheys 
indicated that the subnormal acidity values probably 
were caused by the action of bacteriophage. 

The data indicated that most of the 14 commercial 
cultures contained three or more strains of bacteria 
capable of growing in combinations: From each of eight 
of them, two or three bacteria-bacteriophage combina- 
tions were isolated (OF /10 and OF/19 in table 2 are 
examples); from each of two cultures only one bacteria- 
bacteriophage combination was isolated. Addition of 
those bacteriophages isolated from each culture gave 
little evidence that strain domination had occurred, 
though the bacteriophages caused some retardation of 
acid development. 

The data in table 2 indicate a small degree of domina- 
tion within the remaining four cultures—TN, 146, 
F/26 and OFO. With such cultures of unknown original 
composition, the isolation of nonproductive strains (or 
evidence that they are present) is considered desirable 
in addition to the isolation of strains that appear 
dominant for indication that domination has occurred. 
Even then one is not assured that the nonproductive 
strains are not secondary growth bacteria that have 
originated after mass lysis of strains originally produc- 
tive (Collins, 1955). Furthermore, a strain of bacterio- 
phage isolated by the outlined procedure could—by 
being active against more than one strain of bacteria- 
lead to the designation of “dominant” for one strain 
when actually other susceptible strains are present. 

Results in table 2 show that a mixture of bacterio- 
phages TN-A and TN-B reduced considerably the 
amount of acid produced by culture TN. Consequently, 
it can be considered that the corresponding bacterial 
strains TN-1 and TN-2 (or types of bacteria repre- 
sented by these strains) were responsible for most of 
the acid produced by that culture. Two additional 
strains of bacteria were isolated, but the acid produc- 
tion of TN was not influenced when they (in addition 
to ''N-1 and TN-2) were lysed. Accordingly, these two 


TABLE 2. Influence of bacteriophage strains isolated from cottage 
cheese whey upon acid production of the 
corresponding culture 


| Titratable Acidity 


Culture Bacteriophage Added 
Shr | 6hr 
| per cent per cent 
TN None | 0.50 | 0.69 
TN-A | 0.50 | 0.61 
TN-B | 0.47 | 0.54 
TN-A and B | 0.26 | 0.30 
TN-A, B and C | 0.26: | (0:31 
TN-A, B, C and D | 0.28 | 0.30 
TN-Whey 0.23 | 0.24 
TN-Whey, heated 0.49 | 0.70 
146 None 0.52 | 0.68 
146-A 0.48 | 0.60 
146-A and B 0.45 0.47 
146-C 0.50 | 0.58 
146-A, B and C 0.29 0.32 
146-A, B, C and D 0.28 | 0.31 
146-Whey 0.26 0.27 
146-Whey, heated 0.54 | 0.68 
F/26 None 0.50 0.59 
F/26-A 0.45 | 0.53 
F/26-A and B 0.39 | 0.53 
F/26-A, B and C 0.37 0.47 
F/26-A, B, C and D 0.35 | 0.44 
F/26-A, B, C, D and E 0.37 | 0.48 
F/26-Whey 0.26 0.28 
F/26-Whey, heated 0.53 0.65 
OFO None 0.51 0.69 
OFO-A 0.47 0.53 
| OFO-A and B 0.31 | 0.38 
| OFO-Whey 0.28 0.34 
OFO-Whey, heated 0.55 | 0.73 
OF/10 None | 0.51 0.68 
OF/10-A 0.50 | 0.57 
OF/10-A and B 0.51 0.59 
OF/10-A, B and C 0.50 | 0.54 
OF/10-Whey 0.49 0.56 
OF/10-Whey, heated 0.52 0.65 
OF/19 | None 0.51 0.70 
|  OF/19-A | 0.51 | 0.63 
| OF/19-A and B 0.42 | 0.46 
OF/19-A, B and C 0.42 0.45 
OF/19-Whey 0.44 | 0.47 


OF/19-Whey, heated 0.52 0.67 


strains were considered nonproductive. The unpurified 
bacteria-free whey retarded TN slightly more than did a 
mixture of the four isolated strains of bacteriophage. 
This difference suggests that there were present in 
small numbers types or strains of bacteria in addition 
to the four that were isolated. Similar analysis of the 
data indicates that three types or strains of bacteria 
were primarily responsible for the acid produced by 
culture 146, that four strains were productive within 
F/26, and that two strains were of major importance 
to the acid production of OFO. One nonproductive 
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strain was isolated from each of cultures 146 and F/26. 
Even within these four cultures, which gave some evi- 
dence of strain domination, the data substantiate the 
conclusion that strain domination was not extensive. 

Cultures OFO, OF/10 and OF/19 were considered 
to be different propagations of the same original mixed 
strain culture, the only known difference being that 
OFO had been maintained for some time in a different 
dairy plant. Cross-reaction results revealed that culture 
OFO-1 had the same sensitivity to bacteriophage as 
had OF/10-1 and that OFO-2 had the same sensitivity 
as had OF/10-3. Although the types of bacteria repre- 
sented by strains OFO-1 and -2 were of major im- 
portance to the acid production of culture OFO, it is 
apparent from the data that other strains also were 
productive within OF/10. Surprisingly, cross lysis 
determinations revealed that three strains of bacteria 
isolated from OF/19 were unlike those isolated from 
cultures OFO and OF /10. Such differences might have 
arisen from contamination with bacteriophages that 
was followed by elimination of different strains of 
bacteria from the mixtures of common origin (Collins, 
1955). Entirely aside from the action of bacteriophage, 
ability to dominate is influenced by acid tolerance and 
appears unrelated to the formation of ammonia from 
L-arginine and ability to grow at 40 C, which were used 
for classification of the laboratory strains into lactis 
and cremoris types of Streptococcus. Slight differences in 
response to other physiological conditions probably 
favor some strains more than others. Under only slightly 
different cultural conditions, a gradual replacement 
could occur in the strains that are productive. Depend- 
ing upon the magnitude of the differences, domination 
might or might not be the final result. 
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SUMMARY 


Five laboratory strains of lactic streptococci among 
which domination occurred were arranged in order of 
their capacity to dominate. Rapid increases in titratable 
acidity occurred after lysis of the dominant strain, and 


mixtures were immediately dominated by a <ccond 
strain. Experiments failed to indicate the product ion of 
growth inhibitors and revealed that difference ii: acid 
tolerance was a factor that influenced strain domin tion, 

A step-wise procedure, using colony isolations, 
plaque isolations, and the specificity of isolated bac. 
teriophages, was used for isolating 37 bacteria-bacterio. 
phage combinations from 14 commercially used cultures, 
Strain domination within the commercially used cul- 
tures was not found sufficient to appreciably decrease 
the advantage of using mixtures. Extensive strain 
dominance, wherein the action of a single strain of 
bacteriophage is permitted to cause considerable 
retardation, appears unsatisfactory as a general 
explanation for instances in which commercially 
prepared mixtures are drastically retarded by the 
action of bacteriophages. 
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Certain observed instances in which bacteriophage 
action could not be circumvented by the rotation of 
cultures in the manufacture of cottage cheese suggested 
to the writer that the mixed strain cultures used, 
though different in origin, contained similar strains of 
lactic streptococci. Deane and Nelson (1952) made a 
somewhat related observation: that some bacteria-free 
filtrates from cultured dairy products prepared with 
different commercial cultures lysed the same organisms. 

This study was made to establish whether various 
commercial cultures contain bacterial strains with 
similar bacteriophage sensitivity patterns. A whey 
activity test was used experimentally for studying the 
selection and rotation of cultures. 


MATERIALS AND METHODS 


A step-wise procedure has been described (Collins, 
1955b) that was used for isolating strains of bacteria 
from mixed strain cultures and homologous strains of 
bacteriophage from wheys. Numbers were used to 
designate single strains of bacteria isolated from a 
commercial culture; letters were used to designate the 
corresponding strains of bacteriophage. For example, 
TN-B designates the bacteriophage isolated by using 
culture TN-2, the second single strain of bacteria iso- 
lated from culture TN. All strains of bacteria and 
bacteriophage were purified at least twice, by colony 
and plaque isolations. Identified through production of 
ammonia from L-arginine and ability to grow at 40 C, 
the strains of bacteria were Streptococcus cremoris. They 
were propagated at 32 C in litmus milk enriched with 
0.1 per cent trypticase. 

Cross-reactions of bacteriophage filtrates were de- 
termined twice, by a method previously described 
(Collins, 1955a). Although an indication of positive 
bacteriophage activity by this method’ is generally 
interpreted to establish bacteriophage multiplication, 
control of ratio of bacteriophage to bacteria is in- 
sufficient to eliminate the possibility that a positive 
indication is simply the result of the “nascent”’ activity 
of some bacteriophages (Collins, 1952). Nascent activity 
was suspected when duplicate determinations of cross- 
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lysis yielded both positive and negative results, and 
also when negative action was obtained with a bac- 
teriophage that appeared to belong to a group that had 
given positive action. In such instances, further evi- 
dence was obtained by means of previously described 
methods (Collins, 1952). 

Commercial cultures were propagated daily at 22 C, 
and the activity of bacteriophages in cottage cheese 
whey was determined at 32 C in sterile skimmilk. The 
amounts of titratable acid produced in 5 and 6 hours by 
1 per cent of culture were compared, with and without 
the addition of 1 per cent whey. A low value for a 
bottle containing whey was interpreted to indicate 
bacteriophage action. Experiments revealed that the 
cultures were not retarded when the wheys had been 
heated sufficiently (10 minutes in flowing steam) to 
destroy bacteriophages. Adding 1 per cent of whey was 
believed ample to supply bacteriophage for retardation 
and to dilute the whey sufficiently to prevent appreci- 
able interference by antibiotics or other growth in- 
hibitors that might have been present in the original 
milk. Filtering cheese wheys (to remove bacteria) was 
normally not done after it was found that filtered and 
unfiltered wheys retarded cultures equally. 


RESULTS 


Cross-lysis determinations were made for 37 bac- 
teria-bacteriophage combinations that had been iso- 
lated from 14 commercially used cultures and wheys 
from one cottage cheese plant. The results revealed that 
the combinations could be divided into 10 different 
groups, of which 5 included 28 of the 37 combinations. 
Each of six groups appeared to be homogeneous. One 
of these six groups contained six combinations, one 
contained three, each of two groups contained two 
combinations, and there were two groups with only one 
combination in each. Data for the other four groups 
are given in table 1. Each of these groups contained 
closely related bacteria-bacteriophage combinations, 
but instances in which cross-lysis did not occur were 
encountered in each. 

The whey activity test described above was used in 





146 


E. B. COLLINS 


TABLE 1. Cross-reactions of 22 strains of bacteriophage and 22 strains of lactic streptococci isolated from 
commercially used cultures 


Group 2 





A| 


Culture Strain 


T/19-A 
OF/19-A 
FD-A 

2 
KXF 
110/27 
M/21-B 


~ 


++4+++4+4+24 


ayi0-1..... 


a . 


110/27-1 
M/21-2 
F/26-3 
F/26-1. 
O/25-1... 


++++++ 


++++++4++4 
At+++++4+4 
++4+4+4+4+4+7% 
++++4+4+4+47 
+++++4+42 


Jt Eee 


++++4+++4++ 


F/2 


++4++ 


Bacteriophage Strain 


Group 3 Group 5 Group 6 
+/+) 4+) - 
+) +) 4+ > - 
+ + 4+ 4 
+ + +) - 
-|/-|-|-j|+ 
+ + ->- 
+ i+ + 4+ 
+ +/+) 4 
>) e2l+ + 
+i +) + 4/4 
+ + 4+ 454 
+/+ +) 4+ 4 
= a ~— + -~ 
+/+) +/ +/+ 


1+ indicates bacteriophage activity, N indicates ‘‘nascent”’ (see Collins, 1952) activity, and — indicates bacteriophage inac- 
tivity. The strains of bacteriophage were inactive against bacteria of a different group. 


selecting cultures for test use in a cottage cheese plant 
that had failed to overcome frequent slow production of 
acid. Little improvement had been obtained from 
sanitary measures, inclusion of two or more cultures 
in bulk starter, or use of cultures of different origin. 
In the tests, only resistant cultures (those not retarded 
by 1 per cent whey) made possible the immediate 
elimination of slow acid production. However, use of 
several of these cultures had to be discontinued period- 
ically. Three cultures were found unsuitable immedi- 
ately after they were received and before they were 
used for making cheese. 

In a study of rotation, whey activity tests were run 
daily, using 15 cultures. An effort was made to match 
cultures so that each bulk starter would be composed of 
two cultures retarded by different wheys. Initially, 
five pairs of cultures were used in rotation; later the 
number was reduced to four. No batches of cheese 
were lost from the action of bacteriophage during the 
test period (January 6 to March 10), and in most in- 
stances retardation in the vat was not sufficient to 
indicate that bacteriophage was present. However, only 
12 of 43 wheys failed to show some activity against one 
or both of the cultures included in corresponding bulk 
starters. Six of these 12 wheys were produced by a 
single pair of cultures. Certain cultures were retarded 


by wheys only after they had been used several times 
in the plant. In some cases whey activity became 
progressively greater against corresponding cultures 
until they were replaced. Certain pairs consistently 
produced wheys that only retarded certain other cul- 
tures. Some cultures were retarded prior to being used 
in the plant, and some were retarded by wheys ob- 
tained several days after their use in the plant had 
been discontinued. 

Each time culture FC3 was used for making cottage 
cheese it was retarded considerably by the resulting 
whey. This culture was therefore examined, by previ- 
ously described methods (Collins, 1955b), to determine 
whether extensive strain domination had occurred. 
Three strains of bacteria were isolated, and_ possibly 
there were others present. At least three different 
bacteriophages active against these strains apparently 
were in the plant before use of FC3 was attempted. 

Activity against each of the 15 cultures was de- 
termined for the bacteriophages present in a mixture 
of all the wheys obtained between January 6 and March 
3. After titratable acidity determinations had been 
made at 5 hours, whey from all the bottles was mixed 
and a bacteria-free filtrate prepared. The activity of 
this filtrate was also checked against each of the cul- 
tures. The results (table 2) show that the filtrate was 
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Taste 2. Influence of an unpurified mixture of wheys and a 
bacteria-free mixed whey filtrate upon the acid 
production of 15 commercially used cultures 


Avg. Titratable Acidity at 5 Hours for 1 Per Cent Culture 
Vith Addition of 5 Per Cent of: 


Colture Unpurified mixture of wheys me wee ma ad 
Control Mixture added Control | Filtrate added 
per cent per cent 
NEL 0.48 0.23 0.50 0.24 
0) 0.48 0.40 0.49 | 0.44 
OF | ().42 0.25 0.45 0.26 
1H 0.49 0.41 0.44 | 0.35 
OKB | 0.52 0.38 0.49 0.38 
DF 0.54 0.50 0.49 0.45 
K 0.50 0.44 0.51 0.32 
MS1 0.48 0.25 0.47 0.24 
FLS 0.48 0.40 0.44 0.34 
P 0.45 0.44 0.48 0.44 
MS2 0.51 0.37 0.51 0.38 
49 0.43 0.27 0.47 | 0.28 
FCI 0.48 0.48 0.53 0.46 
FC2 0.45 0.25 0.50 0.21 
FC3 0.49 0.41 0.49 0.29 


TABLE 3. Influence of a bacteria-free mixed whey filtrate and of 
serially prepared filtrates upon the acid production of nine 
commercial cultures purchased from five different companies 


Per Cent Titratable Acidity for 1 Per Cent Culture With Addition of: 


5 per cent of bacteria-free mixed 1 per cent of a serially 


Culture | whey filtrate prepared filtrate 
No. | 

| . Filtrate . Filtrate 
Control eAnia Control added 
| | 
| j 
| Shr | 6 hr 5 hr 6 hr Shr | 6hr 5S hr 6 hr 
per cent per cent ber cent 


per cent 
l 0.43 | 0.54 | 0.25 | 0.26 | 

2 0.51 | 0.64 | 0.24 | 0.24 

3 | 0.52 | 0.65 | 0.53 | 0.64 | 0.46 | 0.57 | 0.44 | 0.56 
1 0.48 | 0.62 | 0.27 | 0.29 

5 


0.47 | 0.54 | 0.31 | 0.33 | 0.41 | 0.55 | 0.25 | 0.30 
6 0.50 | 0.62 | 0.37 | 0.50 | 0.45 | 0.60 | 0.32 | 0.43 
7 0.50 | 0.64 0.40 0.50 | 0.43 | 0.59 | 0.32 | 0.41 
8 0.39 | 0.48 0.33 | 0.41 | 0.42 | 0.53 | 0.36 0.42 
9 | 0.38 | 0.46 | 0.23 | 0.24 


more effective than the whey in retarding some of the 
cultures, but their effectiveness showed general simi- 
larity, ranging from slight to great. 

Because the filtrate retarded the cultures used in 
rotation, two different multiple-strain cultures suitable 
for cottage-cheese making were ordered from each of 
five nationally known companies. Nine cultures were 
obtained—at least one from each company. The ac- 
tivity of each culture (with and without addition of 
5 per cent of the bacteria-free filtrate) was determined 
within a week of its arrival in the laboratory. Each 
culture that was not drastically retarded was tested 
With a filtrate prepared by inoculating only that par- 
ticular culture with the mixed-whey filtrate. All cul- 


tures but no. 3 were retarded, five so drastically (see 
table 3) that if used in this plant for manufacturing 
cottage cheese they might have failed to produce 
sufficient acid. Cultures 6, 7 and 8, although retarded, 
contained some strains of bacteria that were not sus- 
ceptible to the bacteriophages present in the mixed- 
whey filtrate. 
DIscussION 

Cross-lysis determinations and whey-activity tests 
of several commercial cultures indicated that they 
contained only a small number of bacterial strains or 
types as judged by difference in bacteriophage sensi- 
tivity. There are two possible explanations of such 
limitation: 1) there may be in nature comparatively 
few types or strains of lactic streptococci as distin- 
guished by difference in bacteriophage sensitivity; or 
2) there may be comparatively few different types or 
strains that are capable of growing together without 
domination. Either possibility would impose a limita- 
tion on the number of different strains that can be 
incorporated or maintained in mixed strain cultures, 
whether prepared by natural selection or a random 
drawing from strains that were limited in type in the 
first place. 

Duplication of bacterial types or strains in cultures 
affords an explanation of the fact that in certain activity 
tests 1 per cent whey was very active against certain 
cultures but inactive or only slightly active against the 
cultures that had been used in the cheese-making 
process. The productive strains of bacteria within 
the retarded cultures may have been similar to strains 
in the cultures used for cheese-making that were of 
little importance to acid production. This could have 
resulted from differences in original composition, from 
differences in strain domination (Collins, 1955b), from 
the elimination of certain strains from the retarded 
cultures through contamination with appropriate 
strains of bacteriophage (Collins, 1955a), or from causes 
not determined. The nonproductive strains of one 
culture then could have been the means of propagating 
and distributing bacteriophages that were capable of 
retarding those cultures in which the susceptible strains 
were of greater importance. 

Similarities among various strains of bacteria found 
in cultures appear to be of major importance in the 
control of bacteriophage activity within dairy plants. 
Such similarities help to explain instances where new 
or supposedly different mixed strain cultures, intro- 
duced to overcome slowness, give at best only temporary 
benefits. In such cases, strains of bacteriophage capable 
of causing slowness in the new culture (also active 
against similar strains within cultures used previously) 
apparently are already present in small numbers. 
Difficulty with a new culture may be encountered im- 
mediately, or as soon as the unwanted strains of 
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bacteriophage reach sufficient numbers to result in 
ample contamination of the bulk starter or the cheese 
vat and equipment. 

For more than a year a cottage cheese plant was able 
to prevent losses from starter slowness by selecting 
cultures and directing their rotation with a whey ac- 
tivity test. It is true that interpreting the results of 
such a test may often require a greater knowledge of 
bacterial inhibition than the average plant technician 
has. In the present study, bacteriophage action was 
considered to be the only cause of whey activity, but 
the test must be recognized as generally nonspecific. 
Furthermore, retardation of mixed strain cultures by 
bacteriophages in whey is subject to considerable 
variation. The degree of retardation depends upon the 
importance to acid production of the strains of bacteria 
attacked and upon the types and numbers of bac- 
teriophage present. 

There appears a need for central laboratories to 
determine bacteriophage sensitivity patterns for the 
strains of lactic streptococci employed in making cul- 
tures. With adequately labeled unrelated cultures, 
maximum advantage could be expected from culture 
rotation supplemented by careful use of sanitary 
measures. On encountering difficulty despite rotation, 
the retarded culture could be determined and immedi- 
ately replaced with a culture of different bacteriophage 
sensitivity. Investigations now under way indicate 
that variations of bacteriophage specificity (Collins, 
1953) should be kept in mind when selecting strains 
of bacteria, though such variations probably would not 
seriously decrease the effectiveness of such a program. 
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SUMMARY 


Cross-reaction determinations revealed thai 14 
commercially used cultures contained several similar 
strains of bacteria. Thirty-seven strains of Streptococcus 
cremoris, (isolated from the 14 cultures) and_ cor. 
responding strains of bacteriophage (isolated from 
wheys) were divided into 10 different groups, of which 
5 included 28 of the 37 combinations. 

A whey activity test used in studying culture rota- 
tion in a cottage cheese plant indicated considerable 
duplication among the strains of bacteria present in 
the 15 cultures employed. These duplications consider. 
ably reduced the value of culture rotation. 

Eight of nine commercial cultures purchased from 
five different companies were retarded by bacterio- 
phages present in a bacteria-free filtrate prepared from 
wheys obtained from a cottage cheese plant. 
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It is a well established fact that undue growth of 
microorganisms in maple sap adversely affects the 
color and flavor of sirup produced from it (Edson et al., 
1912; Hayward and Pederson, 1946; and Holgate, 
1950). It is common experience that maple products 
produced in the latter part of the season are of lower 
quality. Recently, plastic bags have been introduced as 
a substitute for metal or wood buckets for hanging on 
the tree to collect sap. Sap collected in these bags 
contains fewer contaminating microorganisms (Naghski 
and Willits, 1953; and Sproston and Lane, 1953) 
because these bags are transparent to the sun’s steri- 
lizing ultraviolet rays. This could not, however, over- 
come the deleterious effect of metabolic products in 
the sap produced by microorganisms growing within 
the tap hole. In continuing this research, attention was 
directed to the determination of the extent that micro- 
bial development in the tap holes affects the quality of 
maple products. During these studies, it was observed 
that infection of tap holes was adventitious, but once 
the microorganisms attained a foothold and tempera- 
tures became favorable, growth proceeded rapidly and 
could be correlated with premature stoppage of sap 
flow. It had been previously considered that this 
stoppage was caused by air and wind getting into the 
hole and drying out the sapwood. 


EXPERIMENTAL METHODS 


Ordinary tapping. Sugar maple trees were tapped 
with sterile 74-inch bits after first sterilizing the bark 
with alcohol and flaming. The hole was bored to a 
depth of 21% inches, a sterile spile was driven in, and 
the collecting container attached. Beyond this, the 
tap holes received no other special treatment. 

Sterile tapping. To determine the characteristics of 
sap flow under sterile conditions, the following aseptic 
tapping and collecting methods were used, which are 
similar to those reported by Holgate (1950). Bits, 76 
inches in diameter, were wrapped in paper and steri- 


1 Presented at the 126th meeting of the American Chemical 
Society, New York, New York, September 12-17, 1954. 

2 A laboratory of the Eastern Utilization Research Branch, 
Agricultural Research Service, U. 8. Department of Agri- 
culture. 
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lized in the autoclave. The spout apparatus consisted 
of a rubber stopper for a 5-gallon bottle, fitted with an 
inverted glass U-tube plugged with cotton to equalize 
air pressure, and a piece of straight glass tubing for 
connecting to a spile (closed type) by a short length of 
rubber tubing. This assembly was also wrapped in 
paper and sterilized in the autoclave. The bottle was 
plugged with cotton, covered with a paper cap, and 
sterilized in a similar manner. 

In attaching the apparatus to the tree, a smooth 
section of the trunk was selected and a thin layer of 
outer bark was removed with a wood chisel for about 
4 square inches around the site selected. The area was 
then saturated with alcohol and ignited. While this 
was still burning, a 7,-inch hole was drilled with the 
sterile bit and the spile was inserted as rapidly as 
possible. The tree end of the spile was poked through 
the paper and seated securely in the tap hole by striking 
a screw driver held against the shoulder of the spile. 
The cotton plug was then removed from the bottle and 
the rest of the paper was removed from the spile 
assembly, whereupon the attached rubber stopper 
was quickly inserted in the bottle. Sterile technique and 
precautions were used throughout, and in this manner 
it was possible to collect essentially sterile sap (less 
than 1 microorganism per ml) during the entire season. 
The completed assembly is shown in figure 1. 

Measurements of sap flow. The sap produced by 
holes tapped and maintained in the normal practice 
was collected each day on which a flow occurred and 
the volume was measured to the nearest ounce. 

The sap produced by holes tapped and maintained 
in a sterile condition was collected only when the 5- 
gallon receiver was nearly filled. The volume of each 
run was estimated to the nearest quart by calibration 
on the bottle. 

Sampling and culturing of sap. The contents of 
each of the 5-gallon bottles were thoroughly mixed 
and a 5- to 10-ml sample of the sap was removed 
aseptically. Periodically samples of sap were obtained 
from the open tap holes, by collecting 2 to 3 ml in sterile 
vials as it dropped from the spile. 

Bacterial numbers were determined by culturing 
appropriate dilutions of sap on nutrient agar (Edson 
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Fig. 1. Assembly for collecting sterile sap 


et al., 1912). The presence of yeasts and molds was 
determined by use of an acidified yeast extract-peptone 
agar proposed by Wickerham (1951). 
RESULTS 

The relationship of bacterial growth in tap holes to 
premature stoppage (drying up) of sap flow is shown in 
figure 2. The trees were tapped on January 19, 1954, 
and three tap holes (A, B, and C) were followed through- 
out the season. The daily sap flow from these tap holes 
was almost identical. Samples of sap taken on February 
4 were found to be sterile; however, on February 11 
that from tap holes A and B showed small numbers of 
bacteria. The bacterial content of sap from A increased 
rapidly and on February 18 was 1,700,000 per ml. This 
was also the last day that any sap flowed from it. Pre- 
mature drying occurred less than 414 weeks after 
tapping, but only 1 week following contamination. 


The bacterial content of sap from hole B increased 
more gradually and on March 8 showed a count of 
880,000 per ml. The flow at this time was slow and 
ceased completely 2 days later; premature drying had 
occurred 7 weeks after tapping. 

In contrast, tap hole C remained sterile for aimost 
7 weeks even though it had the same exposure to the 
elements. Bacteria first appeared on March 11, jp- 
creased progressively, and reached 800,000 per 1l on 
March 24. Two days later, sap flow ceased, 945 weeks 
after tapping. 

The yield of sap from a sterile tap hole (control) with 
flow rate similar to that of the three tap holes (A, B, 
C), is also plotted in figure 2 for comparison. It will be 
noted that even after tap hole C had become dry there 
were still three sap flows during which the sterile tap 
hole produced an additional 26 quarts of sap. On the 
basis of the yield of sap by the sterile tap hole, pre- 
mature stoppage reduced the amount of sap produced 
by tap holes A, B, and C to only 34, 27 and 83 per cent, 
respectively, of the season’s crop. 

To eliminate the possible effect of wind or air as a 
factor in drying of tap holes, four sterile holes were 
inoculated with a bacterial culture isolated from a 
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Fic. 2. The relationship of bacterial growth in tap holes to 
premature stoppage of sap flow. All tap holes were made on 
January 19. Arrow at end of sap flow curve indicates that the 
tap holes had become dry on this date. 
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naturally infected tap hole and protected by the en- 
closed system used in sterile tapping. The results ob- 
tained with these holes were compared with four other 
tap holes which were not enclosed (open spiles) and 
which became infected naturally. The pattern of 
bacterial growth and stoppage of sap flow was similar 
under the two conditions and did not appear to be 
influenced either by location of the tap hole or date of 
tapping. Although bacteria were the most frequent 
cause of premature stoppage of sap flow, several tap 
holes became dry when molds or yeasts were the pre- 
dominating microorganisms. 


DISCUSSION 


It has long been recognized by maple sirup producers 
that early season sap produces the highest quality 
sirup with the lightest color and delicate maple flavor. 
However, most producers are reluctant to tap early 
because it is the common experience that most early 
tap holes ‘dry up” prematurely with a resultant loss 
of a portion of the crop. On the other hand, producers 
also fail to get several of the earliest and often the best- 
paying runs because they tap too late. In a recent re- 
port Robbins (1953) showed that in 1953, failure to 
tap in time to catch the sap runs occurring February 
20 to 27 resulted in a loss of a third of the crop. Many 
producers failed to tap in time in spite of the fact that 
sap flow weather was predicted and announced by the 
U. S. Weather Bureau for this period. 

It is the conseusus of opinion (Barraclough, 1952; 
Bryan et al., 1937; and Collingwood and Cope, 1938) 
that “drying” of the tap holes is due to air or wind 
getting into the hole. To counteract this “drying” 
effect, numerous types of sap spiles have been designed 
and marketed, but none has proved effective. It had 
also been observed that “drying” usually followed 
periods when sap flow was interrupted by abnormally 
warm weather. Such weather conditions are, of course, 
conducive to the rapid growth of microorganisms. The 
weather from February 16 to March 8, 1954 was typical 
of such periods, with a recorded minimum of 34 F on 
three days and a maximum of 70 F, and average daily 
temperatures from 41 to 60 F. The data in figure 2 
show that during this 20-day period, sap flows were 
extremely small and two of the three tap holes went 
dry. Although tap hole A became dry at the beginning 
of this period and hole B at the end, under field condi- 
tions because of the smallness of the sap flows, the 
dates of these stoppages would not have been detected 
until the next normal sap flow occurred. 

Besides causing drying of the tap hole, the large 
numbers of microorganisms that have been observed in 
infected holes undoubtedly can produce sufficient 
fermentation products to affect adversely the quality of 
the sap. Preliminary studies (Naghski, 1953) have 
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shown that sap in which certain bacteria have grown 
sufficiently to give counts of several million per ml will 
produce a sirup that is greatly darkened in color. A 
practical means for controlling tap hole infection in 
the sugar maples would result in lengthening the 
season, in increased production of the highest quality 
sarly season sirups, and in greatly improved quality of 
maple sirups produced later in the season. 

Further studies on the cause and control of tap hole 
infection are being initiated at Michigan State College. 
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SUMMARY 


Premature “drying” of maple tap holes was cor- 
related with growth of microorganisms and not with 
physical drying. 

Premature stoppage of sap flow from tap holes can 
reduce the annual yield of sap by 20 per cent to 75 
per cent. 

The deleterious effects produced by microorganisms 
growing in the tap holes on the quality of maple 
products are discussed. 
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The detection and identification of specific molecules 
may often be accomplished most conveniently by 
autographic methods. These procedures, in which 
nutritionally deficient bacterial cells suspended in solid 
minimal media show zones of growth in the presence of 
the required nutrilite, possess several advantages over 
liquid assay methods. These include simplicity of 
technique and the reduction of interference from in- 
hibitory materials which may be present in crude 
samples as natural constituents or as residues from 
extraction procedures (Usdin et al., 1954), as well as 
direct applicability to paper chromatograms for the 
identification of spots (Winsten and Eigen, 1948). 
Their principal disadvantage, that samples of rela- 
tively high concentration are required, has been com- 
pensated for by the"incorporation of tetrazolium salts 
in the solid medium. Reduction of these compounds to 
colored derivatives during growth of the test bacteria 
gives a criterion of response whose sensitivity to ab- 
solute amounts of growth factors is better than with 
tube assay (Ford and Holdsworth, 1953; Usdin et al., 
1954). The method presented here offers a further in- 
crease in sensitivity and in economy of time and 
materials which may extend the usefulness of au- 
tography. 


METHODS 


The test organism—in this case one of a series of 
autotrophic mutants of Klebsiella pneumoniae*, or 
Lactobacillus arabinosus 2K8—is grown in a nutrient 
liquid medium. Cells (preferably from the logarithmic 
growth stage) are centrifuged, washed, and suspended in 
double-strength minimal medium. The M-9 medium 
(Anderson, 1946) was used for K. pneumoniae and 
pantothenate assay medium (Difco) for L. arabinosus. 
The cell suspension is now mixed with an equal volume 
of molten 3 per cent agar solution at 45 C. The density 
of the suspension is so adjusted that the seeded agar 
will contain about 10° or 10° cells per ml. 

A sample of the growth factor to be assayed, in the 
form of a small section cut from a paper chromatogram 
or a measured quantity (up to 0.1 ml) of solution, is 
placed in the center of a sterile microscope slide. The 
slides may be kept conveniently in individual Petri 


1 Supported in part by funds from the Industrial Science 
Research Institute of Iowa State College. 

2 Obtained from Dr. E. D. Garber of the Department. of 
Botany, University of Chicago. 


dishes or placed in rows in large covered dishes. Solu- 
tions, especially those of relatively large volume, may 
be allowed to evaporate before the inoculum—one drop 
of seeded agar—is added. A warmed, sterile coverslip 
is immediately placed over the agar, which flows to the 
edges of the coverslip and solidifies almost at once, 
Prewarming of the slides by incubation or some other 
means will insure the agar’s spreading ‘out in a thin, 
uniform layer. The edges of the coverslip are sealed to 
the slide with paraffin, and the slide is incubated at 37 
C. Although growth response may be ascertained within 
a few hours, slides sealed in this manner may be pre- 
served without noticeable drying of the agar for several 
days or even weeks after preparation. 


RESULTS 
Detection of Growth Response 


Response to relatively large quantities of sample 
may be detected upon gross examination of slides after 
incubation by a heavy clouding of the agar. Lesser 
amounts are detectable upon microscopic examination 
with a low power objective. Well-defined microcolonies 
are formed, especially by K. pneumoniae, in the pres- 
ence of quite small quantities of the required nutrilite. 
The actual end point at which no response occurs can 
be detected only by careful comparison with control 
slides of seeded, unsupplemented minimal agar. With 
K. pneumoniae, results may be observed after 4 hours; 
overnight incubation was necessary for L. arabinosus. 

No benefit was derived from the addition of tetra- 
zolium salts to the agar, as microcolonies are formed 
well before any appreciable reduction of the dye 
occurs. 


Sensitivity of the Method 


Table 1 shows a comparison between the absolute 
quantities of four amino acids detectable by the slide 
method and by tetrazolium-containing plates prepared 
by the method of Usdin et al. (1954). The slide method 
appears to offer slightly greater sensitivity. Further- 
more, the data shown represent the quantities which 
result in formation of easily observed microcolonies. 
Smaller quantities may be detected by careful observa- 
tion of the slides, but this procedure is perhaps not 
suitable for routine work. 

In the assay of pantothenic acid with L. arabinosus, 
about 10-* ug could be detected by the tetrazolium 
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TaBLe 1. Minimum amounts detectable by two methods in the 
autographic assay of amino acids with mutant 
strains of Klebsiella pneumoniae 


Minimum Absolute Amount 
Detectable (ug) 


Plate 


Strain and Amino Acid Requirement 


| (tetrazolium) | auytography 
Kp 82, tryptophane. re 107! 10-2 
Kp 17, histidine.... : 107} 5 X& 1072 
Kp 27116, methionine 1.0 | ae 164 
Kp 88, arginine..... ; 1.0 107! 


technique, while 10-* yg and less was detectable by 
the slide method. The response in this case was less 
satisfactory than with K. pneumoniae, however. The 
latter species forms more compact and more easily 
observed microcolonies. 


DIscUSSION 


Careful determination of the optimum conditions 
for tetrazolium autography, as recommended by Usdin 
et al. (1954), might have permitted detection of more 
minute amounts of the compounds than were reported 
here. It appears, nevertheless, that the slide method 
will prove more sensitive in most cases, since diffusion 
is limited to the confines of a single drop of agar and 
growth response is observable on a micro level. In 
addition to the usual advantages of autographic pro- 
cedures, the slide method offers a quick, sensitive test 
which can be performed with a minimum of equipment 
and supplies and requires only minute amounts of 
sample. 

Slide methods should prove especially useful in 
identifying unknown spots on paper chromatograms. 
Since the minimum amount of most amino acids de- 
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tectable as spots lies in the range of 0.1 to 5.0 ug 
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(Berry et al., 1951), it would be possible in many cases 
to cut a spot area into pieces and screen it against 
several different test. organisms. The high specificity of 
the nutrient requirements of mutant bacteria provides 
a precise means of identification which may often be 
applied in circumstances where limitations in time or 
availability of sample prohibit identification of spots 
by more conventional procedures. 

By use of appropriate mutant bacterial strains, the 
slide method might be applied to identification of many 
types of compounds. The only apparent limitation is 
that the test bacteria must be anaerobic or facultative 
in their oxygen requirements. 


SUMMARY 


A rapid slide micromethod is presented for the 
bioautographic location and identification of specific 
molecules. The sensitivity of this procedure compares 
favorably with that of previously described methods. 
It is suggested that the slide method will prove espe- 
cially useful in identification of paper chromatogram 
spots. 
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Sodium nitrite is known to be responsible for the 
production of the desirable heat-stable pink color in 
cured meats. It has also been used as an inhibitor of 
bacterial spoilage of fish (Tarr, 1941a, b). However, in 
cured meats it is not known to have any practical 
preservative action relative to those organisms not 
inhibited by the high sodium chloride content. Many 
varieties of staphylococci and various lactic acid bac- 
teria grow quite readily on cured meats, but it has 
been observed in this laboratory that staphylococci 
rarely, if ever, are found in large numbers in the in- 
terior of cured meat items. In view of this observation, 
it was decided to investigate the effect of various 
other factors on the inhibition of staphylococci by 
sodium nitrite. 


MATERIALS AND METHODS 


Analytical. Nitrite added to bacteriological media 
was determined colorimetrically using the Griess 
reagent (A. O. A. C., 1945). Deproteinization was 
found to be unnecessary, and the color density was 
determined in a Coleman spectrophotometer, at a 
wavelength of 522 mu. 

Sulfhydryl groups were determined by the method 
of Shinowara (1935, 1935-36) using the phospho-18- 
tungstic acid reagent. Cysteine was determined di- 
rectly; the cystine in the same sample was reduced to 
cysteine and the concentration of cystine was then 
calculated by difference. Color density was determined 
spectrophotometrically at 750 mu. 

The pH was determined using a glass electrode 
Beckman Model H pH meter. 

Bacteriological. For most of the experiments a com- 
plex medium was employed which contained 1.0 per 
cent tryptone, 1.0 per cent yeast extract, 0.5 per cent 
KsHPO, and 1.0 per cent glucose. The medium was 
prepared double strength, sterilized by autoclaving at 
121 C for 20 minutes, sterile solutions of the variable 
components added, and made up to single strength 
with sterile distilled water. In a number of experi- 
ments, as indicated, the glucose was omitted from the 
basal medium, sterilized separately, and added asep- 

1 Journal Paper No. 105, American Meat Institute Founda- 
tion. 


2? From Ph.D. thesis. Present address: American Institute of 
Baking, 400 East Ontario Street, Chicago, Illinois. 


tically. The sodium nitrite was sterilized by Seitz 
filtration of a 10 per cent stock solution. 

The cultures used for most of this work were strains 
161 and 196 of Staphylococcus aureus (Micrococcus 
pyogenes var. aureus). These were typical coagulase- 
positive strains (Evans and Niven, 1950) and were 
isolated from outbreaks of food poisoning by Dr. G. 
M. Dack of the University of Chicago. 

The inoculum consisted of one drop of a 10~ dilu- 
tion of a 24-hour broth culture. 

For aerobic growth, 18-mm culture tubes containing 
10 ml of medium were placed in a nearly horizontal 
position in the incubator to give a large surface area. 
For anaerobic growth the medium was covered with a 
vaspar seal. In all of the experiments reported here 
maximum incubation was for 48 hours at 30 C since 
the nitrite may disappear at a rapid rate, even in the 
uninoculated media under certain conditions. 

RESULTS 

Effect of pH. Tarr (1941a, b) reported that the pH of 
the medium greatly influences the bacteriostatic power 
of nitrite. Preliminary experiments, typical of that 
presented in table 1, confirmed Tarr’s observations. In 
these experiments, S. aureus, strain 196, was cultured 
aerobically in the complex medium at varying pH 
levels. 

Using a pKa value of 3.4 for nitrous acid the mini- 
mum bacteriostatic concentration of this hypothetical 
undissociated acid was calculated for the various pH 
levels employed. It will be noted that the concentration 
of nitrous acid for bacteriostasis remains relatively 
constant throughout the pH range tested, thus relat- 
ing the bacteriostatic action of nitrite to the acid. In 
other words, as the pH of the medium is lowered by 
one unit the bacteriostatic effect of added nitrite is 
increased approximately 10-fold. 

In these experiments in which the organism was 
cultured aerobically, the glucose was autoclaved in the 
double strength medium and the nitrite added asep- 
tically. When sterile glucose was added aseptically to 
the medium after autoclaving there was no significant 
change in the results. 

Anaerobic tolerance and the effect of manner of glucose 
sterilization. When similar studies were conducied 
anaerobically it was noted that sterilization of glucose 
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TasLi 1. Effect of pH on the aerobic nitrite tolerance of Staphy- 
ecoccus aureus, strain 196, when glucose is autoclaved 
in a complex medium 
| Calculated Undissociated 


9 


Nitrite Concentration 


Growtht No growth Growth No growth 


ppm ppm ppm ppm 

3,500 4,000 1.12 .28 

1,800 2,000 | 1.37 52 

600 700 1.38 61 

5 300 400 1.20 .60 

5 250 100 1.32 12 
5.48 140 Iso | 1.25 
5 80 150 1.12 

5 10) SO 0.92 


a Oe oe a 


S84 


*The pH values were determined on duplicate tubes of 
medium at the time of inoculation. 

+ The amount of undissociated nitrous acid was calculated 
from the dissociation curve employing a pKa of 3.4. 

t Growth was determined after 48 hours at 30 C. 


TaBLE 2. Effect of the manner of adding glucose on the nitrite 
tolerance of Staphylococcus aureus, strain 196, at 
pH 6.55 in a complex medium 


Nitrite Concentration 


Glucose added 
aseptically 


Glucose sterilized in 


Incubation Conditions I 
the medium 


Growth No growth Growth No growth 
ppm ppm ppm ppm 
Aerobic.... ; 1,800 3,000 1,600 1,800 


Anaerobic 20 40 800 1,000 


in the medium greatly enhanced the bacteriostatic ef- 
fect of nitrite. Calculations of the amount of undis- 
sociated nitrous acid again indicated that this was the 
substance associated with bacteriostasis anaerobically, 
as it was aerobically. 

Results presented in table 2 demonstrate that when 
the inhibitory level of nitrite was determined at a con- 
stant pH, glucose autoclaved in the medium had no 
effect on the aerobic tolerance, but decreased the anae- 
robie tolerance about 30-fold. It should also be noted 
that when glucose was added aseptically the aerobic 
tolerance was about twice the anaerobic tolerance. 

When sucrose was used rather than glucose, auto- 
claving in the medium had no effect on the anaerobic 
tolerance and all results were equivalent to those ob- 
tained when glucose was added aseptically. Also, when 
no fermentable carbohydrate was added, the anaerobic 
nitrite tolerance was of the same order of magnitude 
as that found when glucose was added aseptically. 

Nitrite tolerance of other microorganisms. Three addi- 
tional strains of coagulase-positive staphylococci were 
tested and gave results similar to those with strain 
196. As indicated in table 3, a number of other bac- 
terial species were tested for their tolerance to nitrite. 
Considerable variation was noted among these bac- 


teria. In general, aerobic tolerance to nitrite was higher 
than anaerobic tolerance among these microorganisms, 
but for the majority of the strains tested the differences 
were not as marked as with S. aureus. 

The Lactobacillus, Pediococcus, Streptococcus lactis, 
enterococcus, and gram negative species tested were 
relatively tolerant to nitrite. On the other hand, the 
Streptococcus pyogenes strain tested was extremely sensi- 
tive. Quite unexpectedly, Streptococcus salivarius and 
Streptococcus mitis were relatively sensitive under 
anaerobic conditions (glucose autoclaved in the me- 
dium) but were resistant under aerobic conditions. 
These two species, in contrast to S. awreus, are generally 
considered to be “indifferent” to oxygen with respect 
to their growth requirements and do not possess the 
heme-containing respiratory enzyme systems for ob- 
taining energy aerobically. 

Reversal of anaerobic nitrite inhibition. Screening of 
a number of amino acids and reducing substances re- 
vealed that sulfhydryl compounds (sodium thioglycol- 
late, cysteine, or glutathione) would reverse the 
nitrite inhibition observed when glucose was autoclaved 
in the medium. Ascorbic acid and other reducing sub- 
stances that do not contain a sulfhydryl group were in- 
effective. 

Representative data obtained with glutathione for 
S. aureus, strain 196, are presented in table 4. In all 
experiments the sulfhydryl-containing substances were 


TABLE 3. Minimum inhibitory concentrations of nitrite for a 
variety of microorganisms at pH 6.6 to 6.7 


Glucose Added 
Aseptically 


| Glucose Sterilized 
in Medium 
Species se 


An- Jeu. tae = 
aerobic | Aerobic | serobic | Aerobic 





ppm bpm | ppm 


ie) | 80 | 
Streptococcus mitis 40 | 


i | | 
Streptococcus salivarius (13 | | 
| 


| 

| 3,000 
4,000 | 800 
| 10,000 | 4,000 


6,000 
2,000 
Streptococcus lactis........... | 6,000 6,000 
Streptococcus liquefaciens (4 
strains) | 6,000 | 4,000 | 4,000 
Streptococcus faecalis (16 
strains) | 6,000 

Streptococcus pyogenes........ | 20 
Lactobacillus casei, strain | 


4,000 


4,000 | 5,000 


8,000 

Lactobacillus arabinosus, 
strain 17-5 

Pediococcus cerevisiae, strain 


8,000 | 25,000 
8,000 
Bacillus megathertum 80 
Escherichia coli. . 2,000 
Aerobacter aerogenes..........| 2,000 
Proteus vulgaris.............. 400 
Salmonella typhosa 800 | 
Salmonella aertrycke (typhi- | 
murium) | 2,000 | 
Shigella flexneri (paradysen- | 


25,000 
4,000 
4,000 
4,000 
4,000 
2,000 | 














4,000 | 


2,000 | 
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TABLE 4. Effect of glutathione on the anaerobic nitrite tolerance 
of Staphylococcus aureus, strain 196, at pH 6.65 
in a complex medium 


Medium Plus Glu- 


| Control Medium | tathione (1000 ppm)* 





| Nitrite | Nitrite Nitrite | Nitrite 
| added ‘cane added | recoveredt 


ppm | pom | ppm 


| ppm 


Ne oes anata 50 | 27 ; 2,000 | 1,770 
Nosonth.................| 100 | 6 4,000 3,450 





*The glutathione was sterilized by Seitz filtration and 
added aseptically. Glucose was autoclaved in the medium. 

+ These figures represent the residual nitrite concentration 
in uninoculated tubes of medium after 48 hours incubation 
at 30 C. 
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GLUTATHIONE (PPM) 

Fic. 1. The quantitative reversal of anaerobic nitrite in- 
hibition by glutathione when glucose is autoclaved in a com- 
plex medium; pH 6.68. The vertical lines connect the tested 
maximum concentration tolerated, with the tested minimum 
inhibitory concentration for Staphylococcus aureus, strain 196. 


added aseptically to the medium from a freshly pre- 
pared stock solution sterilized by filtration. Recovery 
values for nitrite indicated that glutathione did not 
destroy the added nitrite. 

As demonstrated in figure 1, the reversal of anaerobic 
nitrite inhibition was directly proportional to the 
concentration of added glutathione up to a nitrite 
concentration of 2500 ppm. At levels of nitrite above 
this value there was no reversal. 

Glutathione appeared to reverse the nitrite inhibi- 
tion up to a level which approached the nitrite concen- 
tration tolerated under aerobic conditions. Glutathione 
did not affect the aerobic nitrite tolerance of S. aureus. 

Similar experiments with Streptococcus salivarius and 
Streptococcus mitis revealed that the sulfhydryl com- 
pounds, especially cysteine, would also reverse the 


nitrite inhibition observed under anaerobic conditions 
The results were not so dramatic, however. Cysteine 
at a concentration of 1000 ppm increased their ange. 
robic nitrite tolerance up to 10-fold. Higher concentra. 
tions of cysteine failed to increase the nitrite tolerance. 
These experiments indicate that other nutrilites may be 
important in overcoming the bacteriostatic effect of 
nitrite for these streptococci. 

Effect of aging the complex medium. Double strength 
basal medium containing glucose was autoclaved and 
then aged for 7 days under the following conditions: 
1) at room temperature in a slanting position, 2) in an 
anaerobic desiccator over pyrogallol and sodium ear. 
bonate, and 3) in a slanting position at 7 C. The volume 
was restored with sterile distilled water and _ nitrite 
tolerance under anaerobic conditions was determined 
in the usual manner using S. aureus, strain 161. The 
medium that was aged anaerobically and that aged in 
the refrigerator gave results comparable to freshly pre- 
pared medium. However, the medium that was aged 
aerobically at room temperature supported growth of 
the test organism in the presence of about 20 times as 
much nitrite as did the other media. This was in spite 
of the fact that the aged medium had a pH of 6.38 com- 
pared to a pH of 6.68 for the fresh medium. If the aged 
medium was steamed just prior to inoculation, the re- 
sulting nitrite tolerance was reduced to that found in 
freshly prepared medium. : 

Aeration in flasks on a mechanical shaker for 8 hours 
enhanced the anaerobic nitrite tolerance only 2-fold, 
indicating that simple saturation with air at room 
temperature would not explain the effect of aging 7 
days at room temperature. Furthermore, the addition 
of hydrogen peroxide in varying concentrations up to 
.05 per cent did not enhance the tolerance to nitrite. 

Studies using a synthetic medium. A synthetic medium 
was made up using 19 amino acids, adenine, guanine, 
uracil, xanthine, mineral salts, thiamine, nicotinic 
acid, Ko.HPO,, and glucose in amounts similar to those 
recommended by Gladstone (1937), and Porter and 
Pelezar (1941). For successful anaerobic growth it was 
necessary to add pyruvate aseptically at a concentra- 
tion of 0.5 per cent (Fildes et al., 1936). In this synthetic 
medium it was found (table 5) that autoclaving glucose 
with the other constituents decreased the apparent 
nitrite tolerance about 10-fold. Contrary to the find- 
ings in the complex medium, the addition of increased 
levels of cysteine did not reverse this added inhibition. 

Studies with model systems. In an attempt to deter- 
mine the reason for the lack of a cysteine effect in a 
synthetic medium, further experiments revealed that 
the addition of either 0.5 per cent pyruvate or fumarate 
to the complex medium also tended to nullify the 
cysteine effect. These results indicated that a chemical 
reaction takes place between cysteine and pyruvate or 
fumarate when these substances are mixed together. 
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TasLe 5. Effect of cysteine concentration on the anaerobic nitrite 
tolerance of Staphylococcus aureus, strain 161, in a 
synthetic medium, pH 6.7 





Nitrite Concentration 











Cysteine* | pH Glucose sterilized | Glucose added 
Added in the medium aseptically 
Growth |No growthi Growth | No growth 
= as eee Ss Sees Lee 
ppm ppm ppm ppm | ppm 
20 6.70 40 so | 
25 6.60 | 400 800 
100 6.60 400 800 
400 6.65 40 80. | 
500 6.55 | 200 400 
1000 6.55 20 40 | 


* The cysteine was sterilized by Seitz filtration and added 
aseptically to the sterile medium. The basal medium was 
devoid of cysteine or cystine and would not support anaerobic 
growth of the organism. 


TABLE 6. The apparent interaction of pyruvate and cysteine in a 
phosphate buffer at pH 6.7 under anaerobic conditions* 


PPM Recovered as: 


, | < : 
Time (Hours) 0.5 per cent pyruvate | No pyruvate 





Cysteine Cystine Cysteine | Cystine 
0 620 380 620 | 380 
1 37 122 583 304 
2 } 12 95 558 346 


*The system contained 0.5 per cent K2:HPO, adjusted to 
pH 6.7 with HCI, 1000 ppm of cysteine, and pyruvate as indi- 
cated. Incubation was at 30 C. 


Therefore, experiments were designed to demonstrate 
this chemical reaction in a model system. 

Cysteine in a final concentration of 1000 ppm was 
added to a phosphate buffer, pH 6.7, containing 0.5 
per cent pyruvate, and the mixture held at 30 C up to 
2 hours under anaerobic conditions. The apparent 
cysteine-cystine content was determined in this mix- 
ture at the time intervals indicated in table 6. Under 
these conditions it was noted that pyruvate appears to 
destroy rapidly both cysteine and cystine in the sys- 
tem. The cysteine-cystine destruction was accompanied 
by a decrease in the pH of about 0.2 units. In the ab- 
sence of pyruvate, cysteine was relatively stable in 
the phosphate buffer held under similar conditions. 

Similar experiments indicated that fumarate also 
destroyed cysteine and cystine almost completely 
within 24 hours when held anaerobically in the phos- 
phate buffer. 

The stability of cysteine and nitrite was also deter- 
mined in the phosphate buffer system without added 
pyruvate or fumarate. The results are presented in 
table 7. The results indicate that the nitrite was rela- 
tively stable, but the cysteine was partially destroyed 
in the presence of nitrite. No stoichiometric relation- 
ship between nitrite and cysteine could be demon- 
strated. 
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TABLE 7. Stability of cysteine and nitrite in phosphate buffer at 
pH 6.7 under anaerobic conditions 





PPM Recovered After 24 Hours 





Additions Le es = Se 
Cysteine | Cystine Nitrite 
Cysteine, 1000 ppm*........... 484 | 283 — 
Cysteine, 1000 ppm*, nitrite, 
PUT ge coc se ors oes Gi oe 186 | 46 1730 
Nitrite, 2000 ppm..............) — | — 1790 


* At zero time there were 620 ppm cysteine and 380 ppm 
cystine in the system. 


Thus experiments in the synthetic medium were not 
successful in elucidating the exact quantitative rela- 
tionships between nitrite and sulfhydryl substances as 
affecting the growth of S. aureus. Satisfactory anaerobic 
growth of the test organisms could not be achieved 
without the addition of pyruvate. This acid in turn 
destroyed the effectiveness of the sulfhydryl sub- 
stances in overcoming the bacteriostatic properties of 
nitrite. 

Discussion 


Several explanations have been proposed for the 
mechanism of nitrite bacteriostasis. The reaction of 
nitrous acid with alpha-amino groups is the basis for 
the well known Van Slyke reaction. The bacteriostatic 
properties of nitrite consequently have been attributed 
to interference with amino groups of the dehydrogenase 
systems of Escherichia coli (Quastel and Woolridge, 
1927). 

Philpot and Small (1938a, b) have indicated that 
nitrous acid can react with monophenols, such as 
tyrosine, and they attributed the inactivation of pepsin 
to this reaction. Also to be considered is the possibility 
that hydroxylamine may be produced from nitrite by 
a number of organisms (Lindsey and Rhines, 1932) and 
this substance in turn is responsible in some degree for 
nitrite bacteriostasis. 

A very plausible explanation for the bacteriostatic 
action of nitrite lies in the ability of the decomposition 
product, nitric oxide, to react with heme pigments. The 
production of nitric oxide myoglobin is the basis for 
meat curing. Ingram (1939) reported that at pH 6 oxy- 
gen uptake by Bacillus cereus was strongly inhibited by 
nitrite, thus implying an interference with the cyto- 
chrome systems. On the other hand, Tarr (1941a) noted 
that among two Achromobacter strains and two micro- 
cocci (whose growth in broth was strongly retarded by 
nitrite) the aerobic respiration of only one Achromo- 

bacter strain was inhibited by nitrite at different pH 
levels. Consequently, he concluded that nitrite does 
not inhibit bacterial growth by sole virtue of its toxicity 
toward the aerobic respiratory catalysts. 
Further evidence against this theory is given in the 
present study. Among the collection of bacteria studied, 
nitrite was strongly inhibitory toward some of the 
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streptococci even though these bacteria are devoid of 
the heme-containing respiratory catalysts. Also, ni- 
trite was generally more bacteriostatic under anaerobic 
conditions where the cytochrome systems would not be 
important in the metabolism of the microorganisms. 

The results presented in this study do not fit any 
simple theory as to the site of action of nitrite, es- 
pecially for the staphylococci. Such a theory would 
have to explain 1) why nitrite is so effective anaero- 
bically in a medium autoclaved with glucose, 2) why 
aerobic conditions, adding the glucose aseptically, or 
adding sulfhydryl substances decrease the effective- 
ness of nitrite, and 3) why aging the test medium con- 
taining autoclaved glucose decreases the anaerobic 
effectiveness of nitrite, and why steaming of this aged 
medium restores it equivalent to the freshly prepared 
medium. 

Some of the data presented in this study might imply 
that nitrite inactivates certain bacterial enzyme sys- 
tems that possess an active sulfhydryl group. Barron 
and Singer (1945) reported that among a large number 
of enzyme systems studied the pyruvate-metabolizing 
enzymes were the most sensitive to sulfhydryl inhibitors. 
Bernheim (1943), and Nord and Mull (1945) noted that 
nitrite inactivated the pyruvate-metabolizing enzymes 
of Vibrio comma and Fusarium, respectively. 

It would seem that the reason for anaerobic nitrite 
bacteriostasis for S. aureus and some of the strepto- 
cocci in a medium containing autoclaved glucose could 
best be explained on a nutritional basis. The instability 
of the sulfhydryl amino acids when autoclaved in a 
medium containing a reducing sugar is well known. 
Riesen et al. (1947) made the interesting observation 
that the apparent degree of cystine destruction that 
occurred in a medium during autoclaving depended 
upon the test microorganisms employed for assay. In 
the present study, experiments with S. aureus, strain 
161, indicated that as much as 90 per cent of the added 
cysteine content was destroyed when autoclaved with 
glucose in a synthetic medium for 20 minutes at 121 C. 
It should be emphasized, however, that in the complex 
medium employed throughout these studies the medium 
without added nitrite, even containing glucose during 
heat sterilization, supported maximum growth for all 
test microorganisms. 

It is therefore logical to postulate that under condi- 
tions giving maximum sensitivity to nitrite (glucose 
autoclaved in the medium), a chemical change occurs, 
perhaps a condensation or addition, which involves 
the sulfhydryl constituents and another substance in 
the medium. The other substance might be a decompo- 
sition product of glucose. It would have to be assumed 
that this product is utilizable by the microorganism 
anaerobically except in the presence of nitrite. Minimum 
concentrations of nitrite would interfere with the 
anaerobic utilization of this complex, either at a physi- 


ological level, or else by reacting chemically wit) it. 
However, the product would be available under aerobic 
conditions or else the microorganism would be able to 
obtain sulfur from other medium constituents in the 
presence of oxygen. 

To account for the reported aging effects it would 
have to be assumed that the complex is formed only 
under the influence of heat. Then upon exposure to 
oxygen at room temperature it would slowly dissociate. 
again making available sulfhydryl substances for the 
microorganism even in the presence of nitrite. 

Under conditions giving minimum nitrite sensitivity 
(glucose not autoclaved in the medium), a second vital 
mechanism, perhaps not involving sulfur nutrition, 
would be affected by the nitrite to inhibit growth, 
Also, it might be postulated that those microorganisms 
which are relatively tolerant to nitrite under all condi- 
tions are able to utilize other sources of sulfur in their 
nutrition, thus eliminating the limited availability of a 
sulfur source in the presence of small concentrations of 
nitrite. 

Evidence is presented in this study to indicate that 
a complex is formed between pyruvate (or fumarate) 
and sulfhydryl substances when added together at room 
temperature. Evidently, when nitrite is also added, this 
complex becomes unavailable for some microorganisms, 
especially S. aureus. That addition or condensation 
products are formed by the interaction of thiols with 
aldehydes, pyruvic acid or sugars seems to be well 
documented in the literature (Schubert, 1935, 1936, 
1949; Cavallini, 1951). Such reactions between the 
sulfhydryl group of coenzyme A and substrate are now 
generally believed to be the basis for the biological 
activity of this coenzyme. 

These studies indicate the need for further research 
concerning the availability of reaction products be- 
tween thiols and carbonyl compounds in the nutrition 
of various microorganisms. Whether such studies will 
be useful in explaining the apparent inability of S. aureus 
to grow rapidly under anaerobic conditions in cured 
meats in the presence of nitrite remains to be seen. 
Further studies along these lines are now being con- 
ducted. 


SUMMARY 


Tolerance toward nitrite varies widely among the 
different groups of bacteria tested. 

A number of factors have been found to drastically 
affect the bacteriostatic action of sodium nitrite .on 
food-poisoning staphylococci and some related or- 
ganisms. The pH of the environment influenced the 
level of nitrite causing inhibition in a manner that 
tends to confirm the hypothesis that undissociated 
nitrous acid is the active form. 

When glucose was autoclaved in the test medium 
the anaerobic growth of Staphylococcus aureus (Micro- 
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coccus pyogenes var. aureus), Streptococcus salivarius, 
and Streptococcus mitis was inhibited by much lower 
levels of nitrite than were required if the glucose was 
added to the medium after autoclaving. The aerobic 
tolerance to nitrite by these organisms was not greatly 
affected by the manner of adding the glucose. 

The addition of sulfhydryl compounds such as 
cysteine or glutathione to a medium that had been 
autoclaved with glucose restored the nitrite tolerance 
to the same level as when the glucose was sterilized 
separately and added aseptically. Aging the medium for 
7 days at 25 C after autoclaving also restored the 
nitrite tolerance to the higher level, but steaming this 
aged medium completely reversed this aging effect. 

An explanation of these findings is offered based upon 
the assumption that the site of maximum sensitivity 
in these staphylococci is a system involving an essential 
sulfhydryl compound. 

Evidence is presented to indicate that addition or 
condensation products are formed between pyruvate 
(or fumarate) and sulfhydryl substances when added 
together at room temperature. Nitrite appears to in- 
fluence the availability of these products in the nutri- 


tion of some microorganisms. 
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During 1951 and 1952 various leguminous plants 
from the grounds, gardens, and greenhouses of Vassar 
College were collected and examined for the presence 
of root nodules. On the day of collection nodules were 
plated with medium *79 (Fred and Waksman, 1928). 
Nodules. from soybeans, clover, peas, beans, alfalfa, 
lespedeza, hairy vetch and birdsfoot trefoil contained 
viable rhizobia. 

On the same day, the remaining nodules were 
washed with running water; excess root tissues and 
stems were removed; and nodules were drained on 
filter paper. Each set of nodules was divided into three 
parts. Two groups were placed in sterile test tubes or 
jars, and covered with sterile mineral oil. One jar or 
test tube was then stored in the refrigerator and the 
other left at room temperature. The third group was 
placed in sterile test tubes or jars and stored in a 
deep freeze cabinet. 

In 1953, 1 to 2 years after collection, samples of all 


nodules were examined for the presence of viable 
rhizobia. Mineral oil was removed from nodules by 
washing with 70 per cent alcohol. Half of all nodules 
were washed with 1:1000 mercuric chloride for 30 
seconds, followed by washing in 70 per cent alcohol 
for 30 seconds, and finally rinsed with sterile water 
three times. The remaining portion of all the nodules 
was washed with sterile water three times. Washing 
with mercuric chloride reduced the number of con- 
taminants appearing in plates, but did not reduce the 
number of colonies of rhizobia. 

After washing, the nodules were placed in Petri 
dishes containing sterile water. The nodules were 
crushed and a crude dilution series was prepared by 
transferring two loops of the mixture of crushed 
nodule and water from the first Petri dish to a second. 
A third dilution was prepared in the same manner. 
Six media were used for the isolations: *79, *79 
plus 1:80,000 crystal violet, #79 plus 1:15,000 rose 


TaBLeE 1. Characteristics of isolates from frozen nodules 


























: loa . Storage | Medium for Microscopic — — 
a ienauee — ) wt ayer Alkaline | Very alkaline | Reaction 
| | . mediumt mediumt non 
| months 

| 105 | 4 *79 - +4+++ | +4+4++ | +4+++ ~ 
ee 1006 14 | «79+ CV oa _ ~~ ++ 
eC “j; 106 | 4 | asp ~ ++++ | +44++ | +444 ~ 
|} 1022 | 14 «79 + a - it + 
| 10033 | 2 #79 + + ~ - + 
Clover Ne 4 — lo | 24 asp 2 a + = dL. 
‘| 1015 11 asp + = = = = 
1023 24 *79 - | ma = _ + 
(1001 4 #79 + CV eo Ve + | - + 
LS eee eee 1002 15 #79 + RB + - + _ + 
| 1009 15 #79 + RB a 2 Ws + 
Beans..... Pee aecee 1007 15 «79 + - | _ + 
Alfalfa....... i 1013 | 11 asp = -Eees | ey ce oa s 
Hairy vetch j mnt - Sind + + | ~ a | + 
; 1012 12 asp - sis ao | =o ee | ae os 
: ; 1018 11 asp aa a + oe a 
Birdsfoot trefoil. . { 1020 1 asp + RB = ral ee “a | sf 
/ 1010 1 asp + —- | = foo = | + 
Lespedeza ss ss id + + - | is + 
it lll 1019 11 asp + CV + +++ +44 | +++ | an 
{ 1021 11 asp + RB + + + a | i 


* Medium #79 (Fred and Waksman, 1928); CV = erystal violet; RB = rose bengal; asp = asparagus extract. 


t Bacto-MR-VP medium. 
t Hofer, 1935. 
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bengal, asparagus agar (Allen, 1951), asparagus agar 
plus 1:80,000 crystal violet, and asparagus agar plus 
1:15,000 rose bengal. The addition of dyes decreased 
the number of contaminants but also appeared to 
inhibit the development of the rhizobia. 

All plates were examined daily for 2 weeks. Smears 
of colonies which resembled rhizobia were examined. 
Pure cultures were obtained by the use of both pour 
and streak plates. These pure cultures were inoculated 
into Bacto-MR-VP Medium!, alkaline, and very 
alkaline broth (Hofer, 1935). At the same time, known 
pure cultures of rhizobia were inoculated into the 
same media. The reactions of the isolates are given in 
table 1. 

After 1 to 2 years’ storage under mineral oil at 
room temperature or refrigerator temperature, all 
nodules were dark and soft. No typical rhizobia were 
isolated from nodules stored under mineral oil. The 


1 Difeo Laboratories, Inc., Detroit, Michigan. 
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nodules stored in the deep freeze cabinet appeared 
unchanged after storage. All the isolates studied were 
from frozen nodules. The majority of the isolates 
appear to be rhizobia. 


SUMMARY 


Nodules of leguminous plants can be preserved by 
freezing for as long as 2 years; they cannot be pre- 
served by storage under mineral oil at room or re- 
frigerator temperatures. 
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As a result of the Second Conference on Rumen 
Function held in Chicago on December 2, 1953, a 
short-time cooperative project for an intensive study 
of bloat was arranged. The study was made at Mis- 
sissippi State College where a herd of grade steers 
(average weight about 600 Ib.), used by one of the 
authors (B.F.B.) for an extended study of bloat, 
provided uniquely favorable material. This report is 
concerned chiefly with manometric experiments on 
rumen contents from these animals. 
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Mississippi. 


EXPERIMENTAL METHODS 
Feeding and Sampling the Experimental Animals 


Five paddocks were available, each containing an 
almost pure stand of Ladino clover (Trifolium repens, 
subsp. latum). The steers were usually turned into one 
of the paddocks at 7:00 and allowed to graze for 2 
hours, after which they were returned to the dry lot 
where water but no feed was available. Again at 4:30 
they were grazed for 2 hours. 

Upon returning to the dry lot from the pasture, 
one-half or more of the steers usually showed con- 
siderable distention and some of them were definitely 
bloated. In only one of the animals did bloat proceed 
to a critical stage during the study (May 28 to June 
14), though earlier in the season a total of four animals 
developed acute bloat which either terminated fatally 
or was relieved by puncturing the rumen through the 
body wall. 

During sampling, the animals were confined in a 
squeeze chute adjacent to the pasture. A stomach tube 
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(inside diameter ®*¢ inch) was inserted through an 
Emont speculum and the distal end attached to a 
500-ml flask. A suction pump capable of reducing the 
pressure to about 50 mm Hg was attached to the flask 
and suction applied to withdraw the rumen contents. 


Problems in Sampling 


One of the chief difficulties in studying the microbial 
fermentation in the rumen is to obtain representative 
and reproducible samples of rumen contents. This 
problem can be met in part by use of a rumen fistula 
(Schalk and Amadon, 1928), but introduction of 
fistulas is not feasible for studies involving large 
numbers of animals. Samples obtained by stomach 
tube are subject to the criticism that the material 
obtained is not representative due to admixture with 
saliva, to location of the inner end of the sampling 
tube in only one portion of the rumen, and to the 
tendency for liquid to pass the tube more readily than 
solids. 

Contamination of the contents with saliva during 
sampling is minimized if the tube is passed only once 
and inserted well into the rumen. Saliva entering the 
sampling tube before it reaches the rumen contents 
will be the first to enter the collection vessel. By ob- 
serving the first material flowing into the collecting 
jar any large quantity of contaminating saliva can be 
detected. Very rarely the rumen contents contained 
visible saliva, which was only partially mixed even 
though the tube penetrated deeply. In these cases, 
the presence of the saliva in the later flow through the 
tube, as well as in the first, indicated that the saliva 
was not derived from the mouth, pharynx, or esophagus. 
It presumably was swallowed immediately prior to 
taking the sample and was only partially mixed with 
the other contents. In the present studies when ob- 
servation disclosed saliva a note to that effect was 
made. 

The inner end of the sampling tube cannot be in- 
serted to any particular location in the contents but 
by changing the depth of insertion a composite from 
several sites can be obtained. Increased heterogeneity 
of the rumen contents decreases the reliability of the 
stomach tube samples. For this reason samples ob- 
tained soon after feeding are less likely to be repre- 
sentative than those obtained later. During the present 
study good samples were obtained easily in the morning 
before the first feeding. At other times satisfactory 
samples could be obtained from some but not all 
animals. In some animals there is a large ball of rather 
solid ingesta partially immersed in liquid; this has 
been noted particularly in some hay-fed fistula animals. 

Much depends on the judgment of the investigator 
whether a satisfactory sample has been obtained by 
stomach tube. A variety of experience in stomach 
tube sampling and examination of ingesta from nu- 


merous slaughtered animals can provide expe: «nee 
with which reasonably accurate judgments of reli: jlity 
of the sample can be made. Such subjective dec. <ions 
were used to evaluate each sample used durin: the 
present study. 


Size of Sample 


Whenever possible, large samples of rumen conients 
were withdrawn, not only to decrease sampling crror, 
but to diminish contact with air prior to use in the 
manometer vessels. In most of the runs the flask con- 
taining the sample was gassed with COs prior to 
transporting it to the laboratory, but after the poriable 
tank of CO. was exhausted no deleterious effect was 
noted due to omission of the gassing. This should not 
be interpreted as indicating that the rumen micro- 
organisms are facultatively anaerobic. The interpreta- 
tion is rather that with a large bulk of contents, the 
oxygen does not penetrate far enough to influence 
significantly the anaerobiosis within the mass. These 
same considerations made it unnecessary to gas the 
flasks during the few minutes in which they were 
being prepared for attachment to the manometers. 

The inorganic diluting solution (Hungate, 1950) 
containing 0.5 per cent NaHCO; was held at 39 C 
and bubbled with carbon dioxide prior to adding to 
the flasks. This not only gave a suitable pH but. also 
removed much of the oxygen and nitrogen. The flask 
to receive the contents was weighed and the required 
weight of rumen contents added. From 10 to 40 g of 
contents were used, the accuracy of weighing being 
0.1 g, giving a maximum of 2 per cent error in the 
measurement of the sample. 


Modifications of the Usual Manometric Method 


A modified Warburg manometric method was de- 
veloped after a consideration of the various methods 
which have been proposed for studying microbial 
activity in the rumen (Waentig and Gierisch, 1919; 
McAnally, 1942; Elsden, 1945; Marston, 1948; Louw 
et al., 1949; Burroughs et al., 1951; Johns, 1951; McBee, 
1953; Doetsch et al., 1953; Carroll and Hungate, 
1954). The usual constant volume manometric tech- 
niques utilize 1 or 2 ml of a suspension of test material 
in flasks having a volume of 15 to 35 ml. Because of 
the heterogeneous nature of rumen contents, use of 
such small amounts of test material increases the 
error due to sampling and requires more care to avoid 
oxygen absorption. In the present studies 10-g samples 
or larger could be used by increasing the volume of 
the manometric vessels to 160 ml. 

Because the gas evolution from 10-g samples was 
usually too great to permit measurement of pressure 
changes with Brodie solution, mercury was substituted 
in the manometers. The higher pressures obtainable 
with mercury necessitated rounding the bottoms of the 
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Fig. 1. Comparison of microbial activity in duplicate sub- 


samples of rumen contents. 
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flasks to prevent their breaking. Figure 4 illustrates the 
design of the flasks employed. They were made in 
pairs, each pair having approximately the same volume, 
that is, within | per cent of each other. This permitted 
direct comparison of pressure changes between paired 
vessels, an essential feature when the amounts of 


methane and carbon dioxide were not separately 
determined. 
Agreement Between Samples 

The reproducibility of the fermentation in sub- 
samples was studied by following pressure changes in 
paired vessels containing duplicate aliquots removed 
from the same sample of rumen contents. Figure 1 
shows the pressure changes found in two such experi- 
ments. Duplicate subsamples nearly always agreed to 


this same extent. 
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Fig. 2. Four comparisons of microbial activity in two samples obtained from the same rumen, with a 3-minute intervening 


period. 
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Since subsampling in 10-g aliquots gave reproducible 
results, the reproducibility of the sampling itself could 
be tested. The stomach tube was inserted, a sample 
taken, and the tube removed. Three minutes later the 
sampling was repeated on the same animal. The 
manometric pressure changes found in four experi- 
ments are shown in figure 2. 

The two samples from animals 2 and 5 showed 
excellent agreement in fermentative activity. One of 
the runs on animal 19 showed a 25 per cent difference 
between the two samples and the other a 50 per cent 
difference. This animal had drunk water just before 
the latter two samples were taken and the ingesta 
were more liquid than usual. The recent intake of 
water increased the heterogeneity of the rumen con- 
tents and could explain the greater difference between 
the two. It may be noted that the rate of fermentation 
in these samples was relatively low. 


Effect of Dilution 


The effect of adding the inorganic solution to the 
sample was studied by comparing the pressure changes 
caused by a 10-g aliquot plus 5 ml of inorganic solution 
with the changes in a duplicate aliquot plus 30 ml of 
solution. The pressure changes are plotted in figure 3. 

The pressure increase due to ingesta from animal 18 
was much less when incubated with 5 ml than when 
30 ml of inorganic solution was used. Part of this 
lower pressure rise can be explained by the greater gas 
space due to omission of 25 ml of solution. But the 
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Fig. 3. The effect of dilution on microbial activity in samples 
of rumen contents. 





difference is more than can be accounted for in this 
way; more fermentation products were act tally 
formed in the more dilute material. The diffe:ence 
between the two samples from animal 2 is not as 
marked but is slightly greater than would be expvcted 
from the difference in the gas space in the puired 
vessels. 

It is probable that the increased fermentation rate 
in the vessels with added salt solution is due to dilution 
of fermentation products and maintenance of a more 
favorable acidity. It may be noted in figure 3 that the 
more and the less diluted samples differed most when 
the fermentation rate was highest. The failure of 
dilution to influence the rate of fermentation in the 
sarlier study of Carroll and Hungate (1954) may have 
been due to the fact that ingesta having a low fermenta- 
tion rate were used. 


Details of the Manometric Procedure 


Gassing and equilibration. After addition of the 
inorganic solution the flasks were attached to manom- 
eters and placed in the water bath at 39 C. Carbon 
dioxide (100 per cent) was immediately passed through 
the flasks at a pressure of at least 20 mm Hg above 
atmospheric. During the first 5 minutes of gassing, 
the flasks were not shaken. During the next 10 minutes 
they were shaken to insure displacement of all air and 
attainment of equilibrium between the liquid and gas 
phases. The gas was then shut off and the stopcock 
E closed (figure 4). The manifold supplying the carbon 
dioxide at B was disconnected from the source of 
supply and carbon dioxide sucked out of the manifold 

















I 
Fic. 4. Manometer, vessel, and alkali pipette used for acid, 
CO, and methane determinations. 
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and vessels until the mercury level in arm A of the 
manometer stood at 25 mm when the level in arm B 
was 180 mm. The flasks were shaken for about 10 
minutes to equilibrate to the new pressure, and read- 
ings were taken. Readings were usually started within 
an hour after the sample was collected. 

Acid production. If it was desired to determine the 
amounts of acid, carbon dioxide, and methane, re- 
spectively, a control flask was run and bound bicar- 
bonate liberated in it by adding 1 ml of 6-normal acid 
at the beginning of the run. The difference in bicar- 
bonate between experiment and control gave a measure 
of total acid produced. The quantity of acid was 
assumed to equal the carbon dioxide liberated, though 
because of the presence of small amounts of buffers 
other than bicarbonate the acid actually produced 
was probably slightly greater then the carbon dioxide 
liberated. The magnitude of this error was not esti- 
mated; as it was approximately the same in all experi- 
ments, comparisons would be valid. 

The pH of the experimental suspension was about 
6.8 at the beginning of a run and not lower than 6.5 
at the end. Within this range, the principal fermenta- 
tion acids, acetic, propionic, and butyric, would be 
dissociated and therefore would have liberated COs. 

With the vigorous shaking sometimes employed it 
was found that the round bottoms of the vessels oc- 
casionally permitted the rumen suspension to spill 
over into the side arm. To avoid this, the acid was not 
added to the side arm at the beginning of the run but 
was inserted later through D (figure 4). When it was 
necessary to add substrate to the side arms at the 
beginning of the run, it was introduced via a curved 
pipette through the mouth of the flask. Care was used 
to prevent the vessel contents from spilling into the 
side arm during subsequent shaking. 

Determination of the amounts of methane and CO, 
produced. To determine the amount of methane formed, 
the acid left in the distal part of tube D was removed 
and replaced with 25 per cent NaOH. One per cent 
NaOH (100 ml) was drawn into a large pipette, ca- 
pacity about 120 ml, and then 25 per cent NaOH 
drawn in to fill it. The pipette was inserted in the 
rubber tube at D. The strong alkali in the bottom of 
the pipette was forced into the flask by applying 
pressure to the pipette contents until the pressure in 
the flask was exceeded and then opening stopcock F. 
After 10 ml of the alkali had been forced into the flask, 
the absorption of carbon dioxide was usually sufficient 
to drop the flask pressure below atmospheric; stopcock 
E could be left. open as additional alkali ran into the 
vessel. 

The following method of applying pressure to the 
pipette contents was found to be easy and quick. A 
rubber tube G, (figure 4) attached to the upper end of 
the pipette, served as a mouth tube. As much pressure 
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as possible was applied by blowing into the mouth 
tube and then closing the pinch clamp at F. If this 
did not bring the pressure above that in the flask (it 
rarely did) the tube was squeezed tightly with one or 
both hands to increase the pressure until it exceeded 
that in the flask. Stopcock HE was opened momentarily 
when the pressure was sufficient. The process was 
repeated until the pressure in the flask fell below 
atmospheric. The absorption of CO» could be hastened 
by hand-shaking the manometer and flask after some 
alkali had been added. 

In some experiments, the flask pressure was as much 
as 300 mm Hg above atmospheric, necessitating appli- 
cation of considerable pressure to the pipette contents. 
Such high pressures in the vessels could be read within 
the range of the manometer scale if the manifold was 
attached to the open end of the manometer arms 
(including the thermobarometer) and pressure applied. 
This pressure increase, that is an artificial change in 
atmospheric pressure, made it possible to develop 
greater total pressures in the experimental vessels 
without having the mercury go above the scale. A 
heavy grease was employed on the neck seal of the 
flask and a heavy, alkali-resistant grease was used for 
the stopcock in order to prevent leaks at the high 
pressures which often developed. 

The carbon dioxide in the flask was completely 
absorbed when the level of the alkali in the pipette 
remained constant. Stopcock E was then closed and 
the pipette with remaining alkali was removed. Any 
failure to remove all CO, could be detected by move- 
ment of the mercury in the open arm of the manometer 
after the stopcock was closed. No such movement was 
ever observed. 

The gas left in the flask after absorption with the 
alkali was assumed to be methane plus any slight 
amount of nitrogen or other inert gas in the carbon 
dioxide or culture solution. The amount of this residual 
gas was measured by opening stopcock B, attaching a 
pipette filled with water at D, and after opening FE, ob- 
serving the amount of water needed to displace the 
gas. Control runs showed only a small volume of 
residual gas, as can be seen from table 1. In these runs, 
the bound bicarbonate in the inorganic solution was 
also measured. 

In experimental runs, the residual gas in the control 


TABLE 1. Residual gas and bound carbon dioxide 
in control runs with 30 ml of the inorganic 











solution 
Vessel No. Residual Gas | Bound CO2 
ml 7 * , - ae 
1 0.13 | 1840 
2 0.16 1845 
3 0.25 1880 
4 
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flask was subtracted from that in the experimental 
flask and the remainder corrected to standard tem- 
perature and pressure, correction being made also for 
the vapor pressure of the water. The pressure change 
due to methane production was calculated by dividing 
the corrected volume of methane by the calculated 
vessel constant for methane. The pressure changes 
due to acid and methane production were added and 
their sum subtracted from the pressure change during 
the run before the acid was added. The remainder, 
when multiplied by the vessel constant for CO., gave 
the amount of carbon dioxide produced in the metabolic 
processes of the rumen microbes. 


RESULTS AND DISCUSSION 


Magnitude of the Fermentation in Bloated 
and Unbloated Animals 


The animals failing to show any marked distention 
or bloat were used as controls. Ten separate experi- 
ments were made on them, the samples being taken as 
soon as the animals were brought in off the clover. 
In three of these experiments duplicate subsamples 
were run and the results averaged. Eleven runs were 
similarly made on bloated animals. Three of these 
also represent averages of duplicate subsamples. 

Two pairs of vessels, differing in effective volume by 
4 per cent, were used. Because the amount of methane 
produced in these runs was not determined, an exact 
correction for this volume difference could not be 
made, but an approximate correction was made by 
multiplying the pressure increases in the larger vessels 
by 1.04. The data thus corrected are shown in table 2. 


TABLE 2. Corrected pressure changes in experiments 
with ingesta from bloated and unbloated animals 


Date,1954 |Apimal) Condition of | Pressure |Durgtion of) Tncreace 
per Minute 

mm Hg min mm Hg 
5-28 26 Bloated 148 65 2.28 
5-29 12 Not bloated 67 155 0.43 
5-29 18 Not bloated 108 155 0.70 
5-31 6 Bloated 171 | 85 2.01 
26 , Not bloated 110 | 83 1.30 
6-1 23 Not bloated | 185 1445 | 1.28 
6-4 18 Bloated | 164 60 2.73 
2  Notbloated | 114 | 60 1.90 
6-4 7 Not bloated 117 60 1.95 
6-5 6 Bloated 78 30 2.60 
6-5 24 Rloated 83 30 2.77 
6-7 | 2 Bloated | 143 60 2.38 
19 Not bloated 130 60 2.17 
6-7 5 Bloated 137 60 2.28 
6-8 5 Bloated 73 30 2.44 
22 Not bloated 53 30 fae 
6-8 23 Bloated 128 60 2.14 
35 Not bloated 132 60 2.20 
6-10 23 Bloated 128 60 2.14 
22 Not bloated 66 60 1.10 

6-13 26 


Bloated 140 60 2.33 


Difficulty was encountered in obtaining the s: imple 
from unbloated animal 12 on 5-29 and a good dal of 
saliva was included. The results of this run were ex. 
cluded from the statistical analysis. The rem: ining 
nine runs on unbloated animals showed an ay crage 
rate of pressure increase of 1.60 mm per minut« per 
10 g ingesta, with a standard error of 0.17. The bloated 
animals showed an average rate of 2.37 mm with 4 
standard error of 0.08. 

The difference between the means (0.77) is more 
than twice the standard error of the difference (0.19). 
indicating that the fermentation rate in bloated animals 
was significantly higher than in the unbloated. Ob. 
servations of the ingesta in the bloated animals sup. 
ported the view that their fermentation differed 
somewhat from that in the unbloated. The ingesta in 
bloated animals were more homogeneous and more 
viscid. The recently ingested food appeared to be 
intimately mixed with the previous ingesta and to be 
decomposing more rapidly. In the rumen contents 
from unbloated animals the recently consumed clover 
leaves appeared almost intact. There was usually 
more liquid, which was less viscous than in the bloated 
animals. 


Magnitude of the Fermentation in Animals 
Prior to Feeding 


The fermentation rate in the ingesta of the animals 
just before they were turned into the pasture was 
studied. The degree of bloating when the animals were 
subsequently pastured was recorded in order to see 
whether prior rate could be correlated with it. The 
results of these experiments are shown in table 3. 

The most striking feature in table 3 is the greater 
fermentation rate in the animals studied on 6-14. 
These animals were sampled just prior to the after- 
noon grazing, whereas the others were sampled early 
in the morning before turning them into the pasture. 
The preceding interval without food was 15 hours for 


TaBLE 3. Corrected pressure changes in experiments 
with animals prior to pasturing, with later 
behavior 


Pressure 


Date, 19se | Apia! |, Later Condition | Pressure | Duration | Incense 
| | Minute 

mm Hg min | mm Ig 

5-31 6 Bloated 24 45 0.53 
5-31 26 Not bloated 14 45 0.31 
6-2 214 Bloated 66 90 0.73 
6-3 12 Bloated 28 60 0.47 
6-3 18 Bloated 21 60 0.35 
6-4 2 Not bloated 18 60 0.30 
64 18 Bloated 17 60 0.28 
6-14 22 Not bloated 44 30 1.47 
6-14 19 Not bloated 65 | 30 2.17 
6-14 214 Bloated 67 30 2.23 
1.90 


6-14 12 


Bloated 57. | 830 
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the morning feeding and only 5 hours for that in the 
afternoon. The fermentation rate was still fairly high 
5 hours after grazing, but dropped to a low value after 
15 hours. 

Inspection of table 3 does not disclose any marked 
correlation between fermentation rate before feeding 
and the subsequent bloating of the animal. In another 
experiment two animals were kept off the afternoon 
feeding and were not pastured until 24 hours after the 
last grazing period. Rumen contents taken just before 
they were returned to the pasture showed rates of 0.20 
mm Hg per minute for animal 11 and 0.08 for animal 
26. After pasturing, animal 26 bloated mildly, whereas 
animal 11 showed no distention. This result indicates 
that bloat can occur even when the fermentation rate 
in the rumen contents prior to feeding is at a very low 
level. The fermentation rate in the ingesta at the time 
the animal is turned out to pasture does not appear 
to be a major factor causing bloat. 

A point of interest is that the difference in fermenta- 
tion rate before and after feeding on clover (tables 2 
and 3) is much greater than was observed by Carroll 
and Hungate (1954) in hay-fed animals. 


Time Required for Fermentation of Ingested Materials 


The manometric technique appeared to offer a 
possible means for estimating the length of time re- 
quired for the complete fermentation of the ingested 
clover. A sample of rumen contents was obtained 
from each of two animals before they were turned out 
to pasture in the morning. Each sample was run in a 
Warburg experimental vessel with 1 g of freshly chopped 
Ladino clover and in a control flask with no clover. 
The pressure changes observed are shown in figure 5. 

After a short initial period of more rapid fermenta- 
tion the controls from both animals settled down to a 
fermentation rate which remained almost constant for 
nearly 8 hours. In animal 12, the rate was greater than 
in animal 18. Addition of the clover almost immediately 
caused an increase in the rate of fermentation, the 
highest rate holding for a period of about 2 hours and 
then gradually tapering off. Even at the conclusion of 
the run (after almost 8 hours) the rate of fermentation 
in vessels with clover was significantly greater than in 
the vessels without clover. 

The rumen contents which showed a greater fer- 
mentation in the control (animal 12) also showed a 
greater pressure increase due to the added clover. The 
pressure difference between control and experimental 
vessel for animal 12 was 183 mm Hg, whereas for 
animal 18 it was 152. This difference was more than 
could be accounted for by the slightly larger size of 
the vessels used for the run with animal 18 and it 
must be concluded that the clover was not attacked 
in exactly the same way by the rumen contents from 
the two animals. 

In one run, fresh juice was pressed from Ladino 
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clover with the aid of a Carver press and 1 ml of this 


was added from the side arm as in the previous experi- 
ment with the whole clover. The press juice caused an 
almost explosive fermentation, which then fell back to 
the level of the control in about 20 minutes. Eleven 
minutes after addition of the clover juice the pressure 
increase was 60 mm Hg, and was about 15 mm in the 
next 5 minutes. This suggests the presence of rapidly 
fermentable materials, probably simple sugars. 

Failure to observe such a marked initial pressure 
increase in the experiments with whole clover can be 
accounted for by inaccessibility of the readily digestible 
substances due to the cell walls and membranes. The 
maintenance of an increased fermentation rate over 
the long period when the whole clover is used is prob- 
ably due to gradual solution of the less readily digested 
materials contained in the residue left after pressing 
out the juice. 

When dried hay was added to rumen contents the 
effect of the less readily digested materials was even 
more apparent (figure 6). In this run 40 g of undiluted 
contents, taken from the rumen of a hay-fed animal 
before the morning feeding, was used in order to ob- 
tain activity as nearly like that in the rumen as pos- 
sible. The magnitude of the pressure increase per unit 
of time is not directly comparable with that shown in 
figure 5 but can be compared if corrected for the fact 
that more ingesta were used. With this correction, it 
is found that the rate of gas production with the hay 
substrate was less per unit weight of contents but 
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Fia. 5. Effect of adding 1 g fresh clover to incubated rumen 
contents. 





168 


continued at a high rate for a longer period of time. 
This result is about that which would be expected due 
to a greater proportion of more slowly digested ma- 
terials in the hay as compared with the fresh clover. 
Again in this experiment the control shows a well- 
maintained rate of fermentation even though the 
animal had received no feed since the previous evening. 
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Fig. 6. Effect of adding 2 g hay to incubated rumen contents 
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Comparison of Fermentation Products Formed by I: imen 
Contents from Bloated and Unbloated Animal 


In a number of experiments the acid, carbon dioxide. 
and methane, respectively, were determined. The 
results for the individual experiments are shown jy 
table 4. 

The average acid production was 3.5 microequiva. 
lents (3.5 X 10-* equivalents) per minute per 10 ¢ 
rumen contents for the unbloated animals, Standard 
Error (S.E.) 0.72, and 4.35 for the bloated, S.E. 0.47, 
Methane production was 1.05 micromols (um), S.E, 
0.09, and 2.15, S.E. 0.22, respectively, and the carbon 
dioxide production was 4.48 um, 8.E. 0.49, and 7.05, 
S.E. 0.80. Although the average production of methane 
and CO, was significantly greater in the bloated 
animals, a comparison based on percentage composition 
of the products (table 5) does not indicate a significant 
difference in the proportions of the products in the 
two groups. 

If the rate of 4.35 wEq per 10 g per minute for the 
bloated animals be recalculated to a rate per hour for 
100 g of rumen contents, a value of 2.6 mEq is obtained. 
This is slightly greater than the value of 2.35 ob- 
tained by Carroll and Hungate (1954) for grain-fed 
animals and considerably higher than the values of 
1.42 and 0.95 found for hay and pasturage-fed animals, 
respectively. But it exceeds by only 0.5 mEq the rate 
of 2.1 mEq per 100 g per hour found for unbloated 
animals on the same pasture. This difference seems 
insufficient to account for the bloat. 

In order to compare the average composition of the 
fermentation products, the percentage which each 
product constituted of the total was calculated for 
each of the experiments shown in table 4. An equivalent 
of acid was considered to represent a mol and all 
comparisons were made on a molar basis. The results 
for the bloated and unbloated animals have been 
grouped separately in table 5. 

The results in table 5 indicate that the bloated and 
unbloated animals showed no significant differences 


TABLE 4. Fermentation products of ingesta from bloated and unbloated animals 





Duration of 





os Animal No. Condition of Animal Eapeshnent Amount of Acid Produced Amount of CH: Produced Amount of CO2 Produced 
a ~~ ea errr earners mites | tree | totalum =| per min 

1 26 Bloated 60 236 3.9 176 2.9 633 | 10.5 
2 6 Bloated 80 410 5.1 155 1.9 650 | 8.1 
3 26 Not bloated 80 331 4.1 69 0.9 399 5.0 
4 5 | Bloated 60 348 5.8 118 2.0 | 409 6.8 
5 22 | Not bloated 60 | 259 4.3 72 1.2 267 | 4.5 
6 23 | Bloated 50 | 246 4.9 17 | 2.7 299 | 6.0 
7 23 | Bloated | 220 | 542 25 | 338 | 1.5 948 | 4.3 
8 22 | Not bloated | 220 296 1.4 203 | 0.9 690 | 3.1 
9 11 Not bloated 135 596 4.4 155 i? 710 5.3 
10 26 Bloated 135 525 3.9 251 1.9 893 6.6 
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TaBLE 5. Relative amounts of fermentation products 
from bloated and unbloated animals 





Carbon Dioxide 























Experiment No. Acid Methane 
aie per cent per cent per cent 
Bloated 
1 23 | 17 | 60 
2 34 me 53 
4 40 | 14 46 
6 36 | 20 | 44 
7 a ae 
10 32 | 15 53 
ee 32.5 | 16.1 51.4 
8 aoe 2.4 | 2.3 
Not bloated 
3 41 9 50 
5 39 14 47 
8 26 | 17 57 
9 40 i 49 
BONNIE. 515.0046 006s 36.5 12.8 50.7 
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Fra. 7. Comparison of in vitro foam production. Arrow points 
to foam layer in flask with ingesta from bloated animal. 


degree to which the animal bloated. Table 6 shows the 
height of foam in the Warburg vessels at various times 
during a typical run. 

Figure 7 illustrates the differences in the appearance 
of the flask contents in another experiment in which 
the ingesta had been incubated for 145 minutes. The 
control was ingesta from animal 22 which was not 
bloated and showed a tympanometer reading of 0.9 
em. Animal 23 showed a tympanometer reading of 4.3 
cm at the time the ingesta were removed, and abundant 


TaBLeE 6. Height of foam layer developing in manometric experiments with ingesta from bloated and unbloated animals 





SS SES eee a ee eee Hay 
Condition of animal. . 


Tympanometer reading, cm*... 





Foam height, mm, 32 min incubation................ 0 
Foam height, mm, 52 min incubation............. ie 0 
Foam height, mm, 77 min incubation................. 0 


Unbloated 











Animal No. 
ef 26 6 
| Clover Clover Clover 
| Somewhat bloated | Slightly distended Unbloated 
| 2.3 1.5 0.8 
| 13 3 0.5 
20 3 1 
20 4 1 





* Tympanometer readings were always made by the same investigator, using procedures as identical as possible on all animals: 
While the figures given do not necessarily represent actual intraruminal pressures in cm of mercury, it is believed that the dif- 
ferences between the various readings indicate the differences in intraruminal pressures. 


in the average composition of the fermentation prod- 
ucts. Apparently bloat is not correlated with a change 
in the proportions of the major fermentation products. 
For comparison, in a single run with ingesta from a 
steer fed on grass hay the percentages of acid, methane, 
and carbon dioxide were 38, 26, and 36, respectively. 


Correlation of Bloat with Foam Production 
by Incubated Ingesta 


It has already been remarked that the consistency 
of the ingesta from bloated animals differed visibly 
from that in the unbloated. The behavior of the ingesta 
in the manometric vessels provided additional evidence 
of important differences. During the evolution of gas 
in the vessels containing ingesta from bloated animals, 
little of the gas escaped to become entirely free of the 
liquid. Most of it remained encased in foam bubbles 
which did not break. This behavior correlated with the 


foam formed in the culture flask during incubation. 
The foam had broken slightly when the vessels and 
contents were photographed; after 30 minutes of 
incubation it had been a layer 30 mm thick in the 
experimental flask and only 1 mm thick in the control. 


Prediction of Bloat 


It seemed possible that foam production by ingesta 
removed from animals prior to grazing might serve 
as a basis for predicting bloating behavior. This was 
tested as follows: Before the morning feeding four 
animals were sampled by one investigator. One of the 
samples was taken from an animal which, according 
to past behavior, was expected to bloat, a second from 
an animal which was not expected to bloat, and two 
other samples from animals which had been inconsistent 
or intermediate in their bloating behavior. 

The unidentified samples were given to two other 
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investigators who ran each one in a manometric vessel 
with 113 g of fresh clover leaves which had been com- 
minuted in inorganic solution in a Waring Blendor. 
The clover was included in order to provide a substrate 
for gas production. From the differences in foam forma- 
tion and stability in the Warburg vessels the bloating 
behavior after grazing was predicted. The behavior of 
the animals when pastured was in agreement with 
these predictions: The one for which bloating was 
predicted did bloat, the designated one failed to bloat, 
and for the other two the observations of foam produc- 
tion gave no clear indication either way. 


































































































Foam in Undiluted Ingesta 











After foam production in experimental vessels was 
found to correlate closely with the bloated condition 
of the animals, the undiluted ingesta were examined 
carefully immediately after withdrawing them with 
the stomach tube. The negative pressures used in 
inducing flow of ingesta into the collecting flask caused 
release of a considerable quantity of gas (chiefly 
‘arbon dioxide and water vapor), with production of 
foam. The greatest foaming under these conditions 
was often observed in the ingesta from unbloated 
animals. This foam was on top of the ingesta, was not 
particularly stable, and resembled that in freshly 
pressed Ladino clover juice (Quin, 1943). 

The ingesta from bloated animals often did not 
appear, on first inspection, to show nearly as much 
foam as that from the unbloated. However, close 
examination disclosed many tiny bubbles dispersed 
throughout the ingesta. The consistency of the ingesta 
in the bloated animals was such that the gas bubbles 
did not come to the top, whereas the gas in the ingesta 
from unbloated animals did rise, and produced an 
easily observable foam. This indicates that the differ- 
ences in foam production by the incubated ingesta are 
correlated with differences in the undiluted ingesta of 
bloated and unbloated animals. In the flask cultures 
containing ingesta from bloated animals, accumulation 
of a head of foam, rather than an equal distribution of 
gas bubbles throughout the mixture, must be ascribed 
to the decreased viscosity caused by dilution with 
three volumes of inorganic solution. 


























































































































































































































Possible Factors Concerned with Foam Production 








The foam production did not correlate with the 
bicarbonate content of the ingesta and was therefore 
not caused directly by a difference in the pH of the 
rumen contents. 

Since saponins have been shown capable of inducing 
bloat (Lindahl et al., 1954), their possible role in the 
foam production in the manometric flasks was con- 
sidered. Both bloated and unbloated animals grazed 
in the same paddock and the newly ingested material 
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in both groups could be seen to consist almo + ex. 
clusively of clover. Since equal concentratics of 
saponin were presumably present in both bloate:| and 
unbloated animals, the simple hypothesis that bloat 
was due to saponins in the feed did not appear adc juate 
to explain the different response in the two group 

It seemed possible that the foam in the vessels 
containing rumen contents from bloated animals night 
be due to rapid release of saponins by microbial sttack 
on the plant tissues, whereas in the others a slower 
digestion occurred. If this were the explanation for the 
difference in bloating behavior, it might be expected 
that the ingesta from unbloated animals would uw. 
timately show some formation of stable foam, since 
the plant material ultimately decomposes. 

This was examined in an experiment in which two 
animals had been starved 26 hours prior to grazing. 
A sample of rumen contents was removed in the 
morning just before turning them out to pasture and 
was run in the Warburg. The fermentative activity was 
so low that during 30 minutes of incubation the pressure 
increase was only 3 mm Hg. This was insufficient gas 
production to give a foam, so acid was added to liberate 
the carbon dioxide in the bicarbonate. With this 
evolution of gas, approximately equal in both vessels, 
an 8-mm head of foam appeared and persisted for some 
time over the suspension containing rumen contents 
from animal 26, whereas none formed on that from 
animal 11. Both animals were turned into the clover 
pasture and animal 26 bloated slightly, whereas 
animal 11 showed no distention. 

Since fermentation was almost complete in both 
animals, saponins should have been released and 
effective in foam production in both vessels. The fact 
that ingesta from bloating and nonbloating animals 
show different capacities for foam production even 
after long retention in the rumen makes it questionable 
that the only difference between the two groups is 
faster release of saponin through decomposition of 
cell wall and membrane material by the microor- 
ganisms in the bloaters. 

Another possible explanation for differences in foam 
formation is that certain microorganisms in the rumen 
of nonbloating animals attack the saponins, decreasing 
their tendency to lower surface tension. This inter- 
pretation could be tested if purified saponins were used 
as a substrate in quantitative dilution cultures of 
rumen contents, but they were not available during the 
present study. The observation that foam was still 
produced by ingesta from bloaters 26 hours after the 
last feeding, and was not evident in ingesta from non- 
bloaters immediately after feeding, suggests that, if 
the differences are due to saponin destruction, there 
is an almost instantaneous destruction of the saponins 
in the nonbloaters and an almost complete lack of 
destruction in the bloaters. 





The 
on the 
an acl 
During 
bacteri: 
mucilas 
a num 
formin 
head 
incuba 
fermen 
The 
terial 
formir 
isolate 
large 1 
active 
this 0 


pletel 
appes 
that 
yiscol 
these 
carbe 
subst 
A 
ident 
from 
no s 
eight 
extré 
cont 
pick 
latec 
one 
solu 
com 
hou! 
the 
ene 


Ore 


t ex. 
S of 
i and 
bloat 
{uate 


ogsels 
night 
ttack 
lower 
ir the 
ected 
1 ul- 


since 


| two 
zing, 
| the 
- and 
7 Was 
ssure 
t gas 
erate 
this 
ssels, 
some 
tents 
from 
lover 
ereas 


both 

and 

fact 
mals 
even 
1able 
Is is 


roor- 


‘oam 
men 
ising 
nter- 
used 
s of 
r the 
still 
- the 
non- 
t, if 
here 
mins 
k of 


MICROBIAL ACTIVITY IN BOVINE RUMEN 171 


Hypothesis of Microbial Slime Production 


The difficulties in explaining the foam production 
on the basis of the saponins led to the consideration of 
an additional factor might be responsible. 
During studies of pure cultures of various cellulolytic 
bacteria from the rumen, a production of extracellular 
mucilaginous or gummy material has been observed in 
a number of isolated strains. Among the nonspore- 
forming, butyric acid-producing rods (Hungate, 1950) 
4 head of foam was noted when certain strains were 
incubated 24 hours in a broth culture with various 
fermentable sugars. 

The most striking production of mucilaginous ma- 
terial has been encountered in cultures of a spore- 
forming, actively cellulolytic rod which has_ been 
isolated from several dozen cattle. It never appears in 
large numbers in agar dilution cultures but is extremely 
active in decomposing cellulose. In 24-hour cultures of 
this organism on sugar broth substrates the mucilage 
is so abundant that, even though the tube is com- 
pletely inverted, the contents remain in place. The 
appearance of the ingesta from bloated animals is 
that which might be expected from the formation of 
viscous materials such as the mucilage or slime in 
these cultures. The high content of readily available 
carbohydrate in lush legumes might provide sufficient 
substrate to support a copious production of slime. 

A preliminary study was made in an attempt to 
identify any possible slime producers in the ingesta 
from bloated animals but due to the short time available 
no satisfactory conclusion could be reached. Twenty- 
eight colonies were picked at random from feed- 
extract agar dilution series inoculated with rumen 
contents from a bloated animal and 28 were similarly 
picked from an unbloated one. Each colony was inocu- 
lated into a tube of sterile culture medium containing 
one third rumen fluid and two thirds inorganic salt 
solution, plus suspended Ladino clover which had been 
comminuted in a Waring blender. After 24 and 48 
hours of incubation the cultures were examined for 
the formation of a stable foam. Although some differ- 
ences in individual tubes could be seen there was no 
evident correlation with bloat. 

In one culture from the bloated animal it was noted 
at 48 hours that the particles of plant material were 
bound together in one mass at the bottom of the tube. 
When the tube was shaken they did not disperse. This 
Was interpreted as indicating the formation of a viscous 
material in which all the debris was imbedded. The 
appearance was similar to that seen in cultures of the 
cellulose-digesting spore-former mentioned above. The 
culture was transported to Pullman, Washington, for 
further study, but upon subculture failed to show the 
cohesiveness seen in the original culture. 

More extensive investigations will be necessary in 
order to establish whether or not slime production by 


which 


bacteria can account for the formation of the stable 
foam. At present it is an attractive hypothesis. 


‘Proph ylaxis 


As soon as it was apparent that bloat correlated with 
foam production in the cultures, a foam-breaking 
agent was tested. A drop or two of methyl silicone was 
effective in causing coalescence and breaking of the 
bubbles in the flasks. It was then tested in vivo. 

Twenty grams of pure methy! silicone were weighed 
into two capsules (one-half ounce) and given to each 
steer with a balling gun. Steers which had bloated 
regularly were used in this study. Ten steers were 
given 20 g of methyl silicone in the manner described 
above just before grazing. Seven of the 10 steers did 
not bloat, while 3 steers did bloat in the grazing period 
following the administration of the silicone. All steers 
bloated at the next grazing period. Thus it appears 
that 20 g of methyl silicone did give some protection 
for a limited time. However, this protection was lost 
after 5 or 6 hours. It was thought that if the silicone 
was given about 30 minutes before grazing it might be 
more effective because of greater opportunity to mix 
with rumen contents. Three steers were treated in 
this manner and none bloated in the following grazing 
period. All bloated at the next grazing period. 

One animal, number 6, which had bloated every day 
previously during the study, sometimes quite severely, 
was given 20 g of methyl silicone one-half hour before 
pasturing. When returned to the dry lot there was no 
abnormal distention. The methyl silicone was ad- 
ministered for several days (20 g twice daily) to this 
animal 30 minutes before grazing and was completely 
effective in preventing bloat. If the silicone adminis- 
tration was omitted the animal bloated again the next 
day, indicating that the surface-active agent was 
eliminated or otherwise made ineffective within a 
relatively short space of time. Tests with other animals 
gave similar results, indicating that methyl silicone 
can prevent bloat under certain conditions. Its value 
for the prevention of bloat under practical grazing 
conditions remains to be demonstrated. 


Applications of the Method 


The present experiments have proven useful, not 
only in providing information on factors associated 
with bloat, but also in testing the manometric technique 
for measuring microbial activity in the rumen. The 
procedure possesses a number of advantages. As many 
as six parallel runs can be made with the usual rectangu- 
lar Warburg apparatus, more with the circular types. 
A relatively large sample of rumen contents can be 
used, diminishing the error due to sampling. Since 
subsamples are quite reproducible, a high degree of 
accuracy can be attained when studying the effect of 
a selected factor on microbial activity. By supplying 
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the factor in flasks containing rumen contents identical 
with those in the controls, any resulting difference can 
be noted. Even though the samples used may not be 
exactly representative of the entire rumen contents, 
they duplicate each other and it is highly probable 
that the direction of any effect noted would be the 
same as in a truly representative sample, only the 
magnitude differing. Precise useful information for 
many purposes may thus be obtained even though the 
sampling problem remains unsolved. Fermentation 
acids, methane, and metabolic carbon dioxide, re- 
spectively, can be estimated quantitatively. The in- 
dividual volatile acids can be determined by steam 
distillation and partition chromatography of the flask 
contents. Finally, as with most manometric methods, 
the procedure is rapid, a factor of importance when 
large numbers of animals and numerous variables are 
to be tested. 

Although some of the procedures employed are not 
usual in manometry and may give the beginner some 
difficulty, the present method is recommended for 
nutritional studies on ruminants in which it is desired 
to assess total microbial activity without spending the 
time to isolate pure cultures and make culture counts. 
These latter procedures are valuable in furthering 
knowledge of the microbiology of the rumen, but for 
many types of experiments are not as appropriate as 
the manometric method. 

The type of bloat observed during the present in- 
vestigation should be classified as “frothy.’”’ In the 
acute cases of bloat, puncturing of the body wall and 
rumen did not result in immediate release of a large 
volume of gas. By working the trocar about in the 
rumen it was possible in one animal to release mixed 
gas and ingesta until the pressure dropped to a point 
permitting recovery. In other acute cases of bloat in 
the same geographic area, observers reported that a 
large incision was necessary to diminish pressure and 
that a mass of foamy ingesta exuded. 

Fermentation and gas production in the bloated 
animals apparently did not lead to a lower solid-liquid 
phase and an upper gaseous or frothy phase, but rather 
to a homogeneous mass in which solids, liquids, and 
gases were more or less evenly dispersed and which 
increased in volume as gases were released by fer- 
mentation. 

Under the conditions in the rumen all of the fer- 
mentation products cause an increase in gas pressure. 
The methane and carbon dioxide are themselves gases; 
the acids cause a liberation of carbon dioxide from the 
bicarbonate in rumen contents. The bloated animals 
used in the present studies were estimated to contain 
at least 40 kg of rumen contents. The previously 
calculated averages of 4.35 wEq acid, 2.15 um methane, 
and 7.05 wm COs produced per minute per 10 g of 
rumen contents indicate formation of 1.2 liters of gas 


per minute in the bloated animals. If the mec): anisy, 
for removal of this gas is disturbed or cannot 0) :erate. 
that is, if absorption and eructation cease, inj lation 
‘an occur at a rapid rate. 

It should be emphasized that results of this i: vest. 
gation were obtained with a particular herd of steers 
at one geographic locality and during three wecks of 
intensive study. The availability of the experimental 
herd selected for bloat studies, the simultaneoys 
presence in the herd of both bloated and unbloated 
animals consuming the same feed, and a technique for 
in vitro study of the rumen fermentation under condi- 
tions closely simulating those in the rumen, permitted 
accurate comparisons. Under these conditions the 
correlation between distention of the animal and foam 
formation by incubated ingesta was extremely close, 
Existence of such good correlation in the present results 
encourages additional studies with herds in_ other 
geographic localities and at other seasons to establish 
whether this correlation is general. 


SUMMARY 


A manometric method permitting quantitative 
determination of the acid, carbon dioxide, and methane 
produced during fermentation, is useful in assaying 
microbial activity in the bovine rumen. Ten- to forty- 
gram aliquots of ingesta can be used, and by removing 
these from a single large sample removed from the 
rumen by stomach tube, close agreement between 
duplicates is obtained. The method is applicable to a 
wide variety of problems involving the rumen fer- 
mentation. 

Ingesta with a high rate of fermentation showed a 
greater difference between diluted and_ undiluted 
samples than did ingesta with a low rate. Fresh Ladino 
clover, added to the ingesta in the vessels, was not 
completely fermented even after 8 hours, but was more 
completely broken down than was hay during a similar 
period. The fermentation rate just before the morning 
grazing on Ladino clover was significantly lower than 
the rate before the afternoon feeding, owing to the 
longer fasting interval. 

The rate of the rumen fermentation per gram ingesta 
in bloated animals was significantly higher than in 
unbloated animals grazing on the same pasture, but 
the proportions of acid, methane, and carbon dioxide 
were similar in the two groups. 

Production of foam in flask cultures containing 
ingesta from bloated animals correlated with the 
intensity of the bloat and with the foamy condition of 
the undiluted ingesta immediately after removal from 
the rumen. The possible importance of saponins as a 
cause of the foam production was considered. Some 
animals bloated on Ladino clover whereas others 


grazing simultaneously did not, indicating that factors 
in addition to saponin content of the forage were im- 
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portant. Possible factors, including production of 
slime by the microorganisms, were considered. 

Oral administration of methyl! silicone before grazing, 
was found to prevent bloat in a high percentage of the 
animals tested. The usefulness of methyl] silicone under 
practical grazing conditions was not tested. 
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The biology of sewage has been a subject of intensive 
research during the last thirty years. Most studies have 
been directed at isolating the organisms responsible 
for the breakdown of raw sewage to a stable effluent. 
The enzymatic abilities of bacteria and their presence 
in sewage in vast numbers have predisposed biological 
studies of sewage towards this group of organisms. 
Observations on the true fungi, for the most part, have 
been incidental to other studies. 


' Scientific Paper No. 1375, Washington Agricultural Experi- 
ment Stations, Pullman. This investigation, which was jointly 
administered by the Departments of Bacteriology and Public 
Health and Plant Pathology, was supported in part by funds 
provided for biological and medical research by the State of 
Washington Initiative Measure No. 171. 

* Formerly Research Assistant, Department of Bacteriology 
and Publie Health, State College of Washington; present ad- 
dress: Department of Biological Sciences, Purdue University, 
Lafayette, Indiana. 

> Associate Professor and Associate Plant Pathologist, 
Department of Plant Pathology, State College of Washington. 

‘A thorough review of the literature dealing with fungi in 
polluted water and sewage has recently appeared (Cooke, 
1954a); consequently that information is not repeated here. 


Early reports of fungi in sewage mentioned only 
their presence as colored growths on the surface of 
trickling filters. Kolkwitz (1901) was among the first 
to use the term ‘“‘abwasserpilz’” or “sewage fungus,” 
applying it to Leptomitus lacteus (Roth.) Agardh. 
Since then the term has been misapplied to various 
filamentous bacteria such as Sphaerotilus natans Kutz, 
and Beggiatoa alba (Vauch.) Trevis, and stalked pro- 
tozoans, including species of Carchesium and Vor- 
ticella. These organisms are frequently present in the 
gray slime covering the rocks of trickling filters and the 
walls of sewage plant units. While the occurrence of 
true fungi in sewage has been reported repeatedly by 
subsequent workers, most of these studies have been 
qualitative in nature. It was felt that an investigation 
attempting to compare the occurrence and abundance 
of fungi in the various stages of sewage-disposal plants 
would be of value in ascertaining their significance. 

Initially, a comparison of liquid effluent samples 
seemed the logical method by which to make an ap- 
proach to the problem. This paper reports data from 
the investigation. A few digester samples were taken 
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and it is now apparent that some basis must be worked 
out by which comparisons of slime samples from dif- 
ferent stages can be made in order to completely round 
out the project. 

These studies were made at the sewage-treatment 
plants of Pullman, Washington and Moscow, Idaho 
between September 22, 1952 and June 11, 1953. The 
raw sewage of Pullman is largely of domestic origin. A 
dairy contributes a relatively small amount of waste. 
Storm sewage or street washings contribute signif- 
icantly to the raw sewage after heavy precipitation. The 
raw sewage of the Moscow plant is of the same general 
nature, except that instead of dairy wastes, the wastes 
of a packing house and an oil company find their way 
into the system. 

The Pullman and Moscow sewage-treatment plants 
are similar in design and operation. Both plants are of 
the secondary type using biological processes on trick- 
ling filters. Raw sewage enters the primary settling 
tank where many of the solids in suspension settle out. 
The effluent then enters the primary trickling filter 
unit containing a bed of rocks covered with slime, in 
which organisms causing major changes in sewage are 
held. The effluent from the primary trickling filter 
enters the secondary trickling filter, which observably 
differs from the former only in possessing less slime on 
the rocks. The effluent from the secondary trickling 
filter enters the secondary settling tank, where final 
settling, particularly of filter slime sloughings, occurs. 
The effluent of the secondary settling tank is subse- 
quently chlorinated before it passes into a stream. 
The solids which settle in the settling tanks constitute 
the raw sludge; this is periodically pumped to the pri- 
mary digester, where anaerobic digestion of the sludge 
occurs. Overflow of the liquefying sludge is carried into 
the secondary digester. There liquefaction continues, 
the stabilized sludge settles and is drawn off to drying 
beds, and the effluent periodically flows into the primary 
settling tank. 

Minor differences do exist in the operation of the two 
plants. At the Moscow plant, interruption of flow of the 
primary settling tank effluent through the primary and 
secondary filters occurs for several minutes, several 
times an hour, because the fluid level in the primary 
settling tank controls flow to the filters. Flow is con- 
tinuous at the Pullman plant. Furthermore, when raw 
sewage inflow is low, the Pullman plant practices partial 
recirculation of the primary filter effluent to the primary 
settling tank, and partial recirculation of the secondary 
settling tank effluent to the secondary filter. During the 
period of this study, the amount of recirculation was 
comparatively insignificant. 


MeETHODS 


The sites from which samples were taken included: 
1) raw sewage, 2) primary settling tank effluent, 3) 
primary trickling filter effluent, 4) secondary trickling 


filter effluent, 5) secondary settling tank efflue :t, 6) 
primary trickling filter slime, 7) secondary tri kling 
filter slime, 8) primary digester effluent, and 9) sc -ond. 
ary digester effluent. 

The bulk of the data in this study was obtained by 
examination of sites 1 through 5. Secondary tri kling 
filter effluent (4) was not sampled regularly until 
March, since preliminary findings had revealed rela. 
tively little difference in the numbers of fungi present 
in the two filters of the respective plants. Slime sam.- 
ples 6 and 7 were taken only during preliminary study, 
and while an obvious growth of Fusarium aquacdw- 
tuum was present on the primary trickling filter at 
Pullman. Digester samples 8 and 9 were taken only 
twice. 

Sterile 200-ml prescription bottles were used to obtain 
the liquid samples. An attempt was made to get sub- 
surface samples. Samples of slimes on the trickling 
filters were obtained by scraping the rocks. Portions 
were then examined microscopically. In an attempt to 
trap certain aquatic fungi, baits such as glass slides, 
hemp seed, flax seed and dead insects were used (Spar- 
row, 1943). 

The liquid samples, after appropriate dilution in 
sterile water blanks, were initially plated in the labora- 
tory on unsugared corn meal agar, American Sabouraud 
agar, glucose-polypeptone-rose bengal agar, glucose- 
tartaric acid agar, and an acidified sewage (primary 
settling tank effluent) agar. The American Sabouraud 
agar and glucose-tartaric acid agar proved suitable for 
isolation of fungi from these samples. However, it was 
found that modifying the formula of the glucose- 
tartaric acid agar medium gave better results. The 
following was used for all isolation work after the end 
of October: glucose 22 g, trypticase 8 g, phytone 2 g, 
tartaric acid 4 g, yeast extract 1 g, agar 15 g, distilled 
water | L. The glucose and tartaric acid were sterilized 
together, separate from the remainder of the formula, 
and the two were mixed just prior to plating. The pH 
of the several lots varied between 4.3 and 4.5. On this 
agar both “sugar” fungi® and “organic nitrogen’” fungi 
could be obtained. Since this study was initiated, Cooke 
(1954b, c) has investigated the suitability of many dif- 
ferent media for the isolation of fungi in polluted water 
and sewage. Cooke recommends the following medium: 
dextrose 10 g, phytone or soytone 5 g, KH.PO, | g, 
MgSO,-7H.O 0.5 g, agar 20 g, water 1,000 ml, rose 
bengal 0.035 g. 


RESULTS 
No fungi could be found by direct microscopic ob- 
servation of mounts of the various effluents. Micro- 
scopic mounts of slimes from the primary filter revealed 
5 In this paper ‘‘sugar’’ fungi are those which prefer a 
carbohydrate source of energy; “organic nitrogen’ fungi are 


those requiring an organic nitrogen compound as _ nitrogen 
source. 
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TABLE 1. Fungi found in sewage-treatment plant effluents at different sampling sites 


Fungus 


RS* 
Rin MIMERIUV ROI «5.55.3 25 511 54 49 RO PSO one Woke sees 27 
Geotrichum candidum aA ov eres 22 
Penicillium spp. (including P. lilacinum). ee ae 
Mucor spp... . ks ; 9 


Yeast-like fungi. eee Ine 8 
Rhodotorula spp... . 

Fusarium aquaeductuum : re ; ; , , 0 
Fusarium spp. 4 
Mycelia sterila. . 4 
Trichoderma viride st E 3 
Phoma spp..... 4 


Cladosporium cladosporioides 2 
Margarinomyces heteromorphum. .. 3 
Gliomastix convoluta BY 1 
Aspergillus spp. 0 
Tsoachlya spp... . 0 
Moniliaceae (unidentified ) 0 
Rhizopus spp..... ss Lees 0 
Scopulariopsis brevicaulis 1 
Pullularia’ pullulans ; fas 0 
Cephalosporium spp. 2 
Mucorales (unidentified ) eee 0 
Saprolegnia spp... ee 0 
Syncephalastrum? spp. se =f 0 
Acrostalagmus cinnabarinus Peat He 0 
Aspergillus flavus a teeters 0 
CUNMINONGINEUG ED... .... 00sec ci ees 0 
Monilia sitophila EPra teas eee 0 
Myrothecitum verrucaria 1 
Spicaria violacea ; ] 
Thamnidium sp. 0 
Trichoderma album 0 
Verticillium sp. ; 0 

Total number of species Hs ice Jae 


Pullman Sewage Plant Moscow Sewage Plant 


PST. PF SF Al Sst RS PST | PF SF SST 
: 32 | 13 (32) | 29 32 32 32 | 13 (32) | 30 
23 24 |11 (27)| 20 27 23 20 | 10 (25)! 14 
20 17 21 9 (22) | 19 


18 20 9 (22) 15 

6 13 4 (10) 7 2 5 9 6 (16) 6 
8 5 4 (10) 2 6 9 8 0 6 
5 5 1 (2) 4 5 rs 5 1 (2) 4 
0 3 2 (5) 3 0 0 0 0 0 
5 5 0 2 4 3 6 1 (2) 5 
1 5 0 5 6 4 5 1 (2) 2 
2 4 1 (2) 2 3 2 3 4 (10) 3 
1 3 1 (2) 3 1 3 1 1 (2) 4 
3 4 0 4 2 l 1 0 4 
2 2 2 (5) 0 2 4 1 1 (2) 0 
1 0 0 1 3 1 1 0 3 
1 2 2 (5) 0 0 0 Z 0 2 
l 1 0 2 0 0 0 0 0 
0 2 0 0 0 0 0 0 1 
1 1 0 1 0 0 0 0 1 
0 0 0 0 0 0 3 0 0 
1 0 0 0 0 1 0 0 1 
2 0 0 1 0 2 0 0 0 
1 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 
0 0 0 0 1 1 0 0 0 
0 0 1 (2) 0 0 ¢ 0 0 0 
0 0 0 0 0 0 1 0 0 
0 0 0 0 1 0 0 0 0 
0) 0 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 I 
0 0 0 0 0 0 1 0 0 
0 0 0 0 0 1 0 0 0 
19 18 12 18 15 17 18 10 17 


*Code: RS = Raw sewage. PST = Primary settling tank effluent. PF = Primary filter effluent. SF = Secondary filter effluent 


SST = Secondary settling tank effluent. 


+ Figures indicate the number of samples from which the fungus was isolated. Thirty-two samples were taken from September 
to June from all but SF from which 13 samples were taken. Numbers in ( ) for the SF are weighted on the basis of 32 samples. 


no fungus mycelium during most of the study, although 
filamentous filaments, and stalked 
protozoa, easily confusable with fungus mycelium, were 
abundant. During March 1953 the slime on the primary 
filter at Pullman developed an orange color attributed 


bacteria, algal 


to Fusarium aquaeductuum. During this period, mi- 
croscopic examination of the slime on randomly 
selected rocks from the primary filter almost always 
revealed the presence of fungus mycelium only in the 
pigmented (orange) slime. Little or no fungus mycelium 
could be found in nonpigmented slime even on rocks 
Which bore both pigmented and nonpigmented slime. 
Microscopie mounts of slime from the secondary filters 
disclosed no fungus mycelium during the study. 

Chat fungi were present was indicated by the plat- 
ings of effluents from the various sampling sites. A list 


of the species of fungi found during the study, together 
with the five principal habitats in which they were 
found in the Pullman and Moscow sewage plants, 
appears in table 1. Space does not permit a species by 
species tabulation indicating the numbers of fungi 
found at each sampling station throughout the fall, 
winter, and spring. Table 2 summarizes this type of 
data for a few of the most common fungi. The following 
notes on certain species are of special interest. 
Phycomycetes 

M ucorales 

Mucor spp. A number of different species of Mucor 
occurred in both sewage-treatment plants. The highest 
concentrations of these fungi occurred in the raw sew- 
age of the Pullman plant between early November and 
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Pullman Sewage Plant 


Species 
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Mucor spp...... 
Nonpigmented yeastst 5 
Geotrichum candidum.... ccoveal foe 2 
Penicillium spp.t. . 13.8 9.4 
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bo 


3. 2. 
352.6 222.4 44.5 
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TaBLE 2. Density* of several common fungi per ml of sample in successive stages of two sewage plants 


Moscow Sewage Plant 


PST PF SF ST 


SF SST RS 

0.5 0.2 | 0.6 2.2 0.4 0.6 1.2 
39.9 16.6 310.2 181.7 37.8 33.3 Lie? 
4.8 es | 46.9 24.2 3.7 3.8 0.9 
1.9 0.9 | 14.5 8.7 3.0 2.0 1.5 





* Averages of samples taken at 8- to 10-day intervals between September 22, 1952 and June 11, 1953, a total of 31 samples for all 
stages except the secondary filters which were sampled 13 times between March 3 and June 11, 19538. On January 16 Penicillium 
lilacinum and the nonpigmented yeasts were so numerous counts could not be made on other species. 

+ RS = Raw sewage. PST = Primary settling tank effluent. PF = Primary filter effluent. SF = Secondary filter efluent. SST = 


Secondary settling tank effluent. 
t Not including counts for January 16. See text. 


early April. Occurrence of Mucor spp. in the various 
stages of the Moscow plant was more sporadic. 


Saprolegniales 


Saprolegnia spp. and Isoachyla spp. Plating tech- 
niques revealed the presence of these fungi only during 
September and October. During this period they were 
present in the primary settling tank effluent, the primary 
filter effluent, and the secondary settling tank effluent, 
but not exceeding 1 to 10 per ml. It was demonstrated by 
another technique that they were also present during the 
winter and spring in all stages, but in lower concentra- 
tions than could be detected by plating on the media 
used. Two hundred-ml samples of raw sewage and of 
the effluents of both plants were baited with hemp 
seeds and incubated at 10 C for several weeks. Colonies 
of Saprolegnia spp. and Isoachyla spp. developed around 
the hemp seeds in all samples, and sometimes appeared 
on larvae present in the filter and secondary settling 
tank effluent samples.6 The zoospores, oospores, or 
hyphal fragments responsible for the growth of the 
colonies most likely had their origin in the raw sewage. 
Baiting in situ of all sites with hemp seeds, dead insects, 
and so forth resulted either in loss of the bait or such 
heavy growth of protozoa, nematodes, filamentous 
bacteria, and algae, that any saprolegniaceous growth 
which may have occured was not discernible. 


Ascomycetes 
Sphaeriales 


Subbaromyes splendens Hesseltine. This species was 
found once, in an October sample from the Pullman 
secondary settling tank effluent. On that occasion, in an 
attempt to detect the presence of Saprolegniaceae, a 
softened sterile lima bean (Phaseolus lunatus) was 
placed in the center of this sample plating. No Saproleg- 
niaceae were isolated, but several days later the im- 
perfect stage of S. splendens*:’ appeared over the surface 

6 Fungi isolated by special techniques are not tabulated in 
table 1. 


7 Identified by W. B. Cooke, Mycologist, Public Health 
Service, Cincinnati, Ohio. 


of the medium, and within 2 weeks after plating, the 
perfect stage’ appeared on the bean only. Further 
efforts to isolate this fungus from other units using 
similar techniques were unsuccessful. It is interesting 
to note that this species was originally isolated from a 
somewhat similar habitat, namely the trickling filter 
for Lederle Laboratories’ pharmaceutical wastes. 


Yeasts 

For the purpose of this study, a yeast is considered 
to be a nonmotile, unicellular or rarely filamentous 
fungus in which budding is a prominent feature. This 
heterogeneous group includes members properly be- 
longing in the Fungi imperfecti and Basidiomycetes 
as well as in the Ascomycetes. Since only the mor- 
phological characters developed on one medium were 
studied, and since the extensive biochemical tests 
necessary to accurately identify most yeasts were not 
employed, these forms have been arbitrarily grouped 
here as pigmented yeasts, yeast-like fungi, and non- 
pigmented yeasts. 

Pigmented yeasts. Species growing as mucoid pink 
colonies with yeast cells on the isolation media and 
belonging to the genus Rhodotorula were frequently 
present in some stages of both plants from late October 
through the end of December. They were very scarce 
from the latter date until the middle of March. From 
then on they appeared sporadically until mid-June. 

Yeast-like fungi. Various pseudomycelial yeasts 
which produced blastospores in culture were sporadically 
present in almost every unit of both plants (table 1). 
Undoubtedly most of these cultures were species of 
Candida; possibly some of them were Trichosporon sp. 

Nonpigmented yeasts. Judging from their numbers, 
the nonpigmented, nonfilamentous yeasts seem to be 
the predominant fungi in sewage (table 1). However, 
the yeasts represent a conglomerate of many genera 


and species. Thus, the consistent occurrence of high 
concentrations of yeasts in raw sewage (approximately 
388 per ml in Pullman and 363 per ml in Moscow 
throughout the study) does not mean that any one 
species is consistently present. Probably, as with other 
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fungi, different species occur in sewage at different 
times. ‘he considerable decrease in numbers of yeasts in 
progressing through the various stages of each plant, 
and the low numbers in the final effluent (approximately 
93 per ml in Pullman and 15 per ml in Moscow through- 
out the study) suggests that species of the yeasts do 
not multiply in any stage of the sewage system. If they 
do multiply in any stage, it is difficult to explain our 
inability to find them in larger numbers since these 
species are unicellular and are characteristically free 
and unattached in their aqueous habitat. 

Extremely high counts of yeasts were encountered in 
the January 16 samplings (for example, at Pullman: 
raw sewage, 1500 per ml; primary settling tank, 1400 
per ml; primary filter effluent, 240 per ml; secondary 
settling tank effluent, 210 per ml). Heavy precipitation 
occurred in the Palouse region during the week preced- 
ing this sampling date. 


Fungi Imperfecti 
Sphaertoidaceae 


Phoma spp. and Phoma-like species. Different species 
of fungi assignable to the genus Phoma on cultural 
characters were present more often during the winter 
months than at other times of the year in both sewage 
plants. 


Moniliaceae 


Geotrichum candidum Link ex Fries. Many investiga- 
tors of fungi in sewage have reported this species as 
(Qidium sp. or Oospora sp. During the present study, a 
great variation was exhibited by the strains of G. 
candidum recovered from both the Pullman and Moscow 
plants. Arthrospores of different strains varied in size 
from 3.0-3.5 w x 5.0-7.5 uw to 6.0-7.5 uw x 20-40 uw. Colony 
texture was also diverse—powdery, leathery, and felt- 
like variations in surface texture occurred in different 
strains. Since these marked morphological differences 
were maintained in subcultures, these variants might 
be considered distinct species by some taxonomists. 
(. candidum occurred in abundance throughout the 
study, being isolated most frequently from raw sewage 
and in progressively smaller numbers from later stages. 
Thus, for the period of the study, average colony count 
was 35 per ml and 47 per ml for Pullman and Moscow 
law sewage, respectively; the average colony counts 
from the final settling tank effluents of both plants 
were much lower, namely 2 per ml in Pullman and 1 
per ml in Moscow. The occasional instances in which 
the primary settling tank gave higher counts for G. 
candidum than did the raw sewage may have been due 
to chance inclusion of solid particles bearing the fungus 
in the aliquot plated or in the sample itself. 

In mid-December the digester effluents of both plants 
were sampled. The primary digester effluent (heated to 
27 C) at Moscow gave a colony count for G. candidum 
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of 110 per ml; the secondary digester effluent (un- 
heated), 100 per ml. The primary digester effluent 
(heated to 37 C) at Pullman gave a colony count of 60 
per ml, and the secondary (unheated), 60 per ml. In 
mid-May the digester efflyents were again sampled. The 
Moscow primary digester yielded 110 colonies per ml 
and the secondary 130 per ml; the Pullman primary 
digester 80 per ml and the secondary 130 per ml. 

Penicillium spp. Many species were isolated from 
both sewage plants. Their occurrence in Pullman 
sewage was paralleled by that in Moscow, not only in 
frequency (table 1) but in density as well (table 2). 
The total count of Penicillium spp. in each unit of both 
plants during any one weekly sample approximated that 
of the yearly average (table 2) for the unit, with one 
major exception. On January 16, a tremendous influx of 
Penicillium lilacinum Thom’ and yeasts occurred in the 
raw sewage at. both plants. Again, there was a pro- 
gressive decrease in population density from the early 
treatment stages to later ones. 

Trichoderma album Preuss and Trichoderma viride 
Pers. ex Fries. These species were intermittently present 
on 15 different dates in one or both plants. In seven 
of these instances, neither species was found in the raw 
sewage or primary settling tank effluent, although one 
or both were isolated from the filter effluents or second- 
ary settling tank effluent, usually in concentrations of 
only 1 per ml. A possible explanation of failure to iso- 
late Trichoderma spp. and other fungi consistently from 
the first two stages when found in latter stages is given 
in the discussion of the disseminule retention study 
later in this paper. 

Aspergillus spp. In spite of their wide distribution in 
other habitats, species of Aspergillus were rarely found 
in either plant. A. flavus Link ex Fries appeared but 
once in the Moscow primary filter effluent. 


Tuberculariaceae 


Fusarium aquaeductuum (Radl. & Rab.) Sacc. During 
the latter half of March an orange-colored mat was 
noted on the surface of the primary trickling filter at 
Pullman, but not on the secondary trickling filter or on 
either of the filters at Moscow. Direct microscopic 
examination revealed occasional sparsely sporulating 
areas of Fusarium aquaeductuum. The primary filter 
effluent sample taken at Pullman on March 27th was 
the first in which disseminules of this species were 
demonstrated, but only in concentrations of 2 per ml. 
Early in April the primary filter effluent had a concen- 
tration of 6 per ml, and the secondary filter 2 per ml. 
By mid-April, although the growth had not yet com- 
pletely disappeared from the surface of the primary 
filter, only 1 colony of F. aquaeductuum per ml was iso- 
lated from the effluent of that stage. This particular 
species evidently did not produce large numbers of 
disseminules in the Pullman primary trickling filter, so 
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that an indication of its growth is not apparent from 
the data. The mycelium on the rocks was very firm and 
adherent (Tomlinson, 1942) and did not readily break 
up when teased with a needle as does that of many fungi. 
Butcher (1932) also found sporulation rare or absent in 
this species. These facts may account in part for the 
rarity of this species in the primary filter effluent. 


DISSEMINULE DETENTION StTupyY 


To determine how long spores would remain in the 
various units of the Pullman sewage plant, and whether 
or not spores that entered with raw sewage could ac- 
tually be accounted for in the later stages, a known 
number of spores of an easily recognizable fungus was 
introduced into the raw sewage. A strain of Aspergillus 
niger van Tieghem was used as the indicator organism 
because it had not been found previously in either 
sewage system. 

A massive spore inoculum was prepared by growing 
the fungus on moist sterilized oat seeds. To prevent 
clumping of the spores, they were washed off the surface 
of the oats with a sterile solution of 10 ml of Aerosol 
wetting agent in 4 L of water. After thoroughly shaking 
the spore suspension, various dilutions were plated on 
the same medium used in sampling. A count of 24 
million spores per ml was obtained. The suspension was 
refrigerated and, just prior to inoculation of the sewage 
plant, was replated. Comparison of the counts indicated 
that there had been no loss of viability during storage. 

After taking samples of all the stages to verify later 
that no disseminules of the indicator organism were 
present, the spore suspension (4 L) was dumped into the 
raw sewage at the usual sampling point. That instant 
was considered ‘“‘zero” time. Subsequently, at approxi- 
mately 10-minute intervals effluent samples were taken 
from the settling tanks and/or filters. In addition, 
during the first two 10-minute intervals several suc- 
cessive samples were collected from the center of the 
primary settling tank (primary influent, table 3) to 
determine how long it took the raw sewage to pass 
through an immense subterranean channel and reach 
the primary settling tank. Initially successive samples 
were also taken of the primary settling tank effluent. 
After a 4-hour sampling period, the samples were 
brought to the laboratory and plated. The effluent 
counts at different times are tabulated in table 3. 
Samples were also taken on seven successive days after 
the day of the inoculation, with 10-ml aliquots being 
plated from the second day on, to detect the presence 
of less than 1 spore per ml of sewage. Two weeks after 
inoculation the indicator organism was not found during 
the regular sampling procedure. 


8 A preliminary experiment using similar procedures was run 
two months prior to this one; it indicated what dilutions and 
sampling intervals should be used for the various stages, and 
that no loss of spores occurred in the pipes between units. 


The results indicate that almost all the invculuy, 
had left the raw sewage and was in the center of th 


primary settling tank after 10 minutes. Aficr 19) ff 


minutes the majority of the spores had left the py. 
mary settling tank in its effluent. After 20 minu es the 
indicator spores started coming through with the pri. 
mary trickling filter effluent, but it was not until 59 





minutes had passed that their peak in this effluent was 

reached, after which they remained in the same range 

for a short time and then gradually declined. 
Spores started appearing in the secondary trickling 


TABLE 3. Colonies of Aspergillus niger obtained per mil oj 
sample from various stages of the Pullman sewage system at 
different times after mass inoculation* of raw sewage 








Time . : . . - oe is Secondary 

wm" __| Feimery | Stang | eter” | Setter”” | Si 
Hr Min | ai Effluent Effluent Effluent 

Ot 

1-10¢ 600 — —_ a “ 

1900 ~ — a 

3000 — — — ae 

500 — — —_ - 

11-20t 200 0 — a = 

20 12 — _ ~ 

0 30 ~ — os 

21-30 20 90 3 — | — 

10 70 0 0 _ 

31-40 | — 30 4 0 — 

_ 60 12 1 _ 

5C 10 | 40 16 0 _ 

1 0 — | 100 | 1 2 — 
10; — | 100 — _ 0 

o | — — | | = 

30 =f ie | = 

40 0 | 30 | — — | — 

50 — — 8s | — — 

2 0 -/|/=—-/+—-]a 0 
0 | — a tae le 1 

6) 6) ||P | — | — 

30 —- | = - 13 | 2 

40 —- | — -- — 

| 50 — | 2 — — ! 
| +) = — 4 2 = 
| 0 | — | — — |} — 0 
20 ~ oO} 10 —_ |}; — — 
o};/—-/|-—-|6/]s ~ 

40 — — | 6 | — - 

| o | —-}| — | —] 1 : 
4}; 0] — | — | = | = 0 
24 | | 0 i #2.) 24 1.3 
49 | — | 02] Os | 1. 1.0 
75 _ 0 | 05 | 0.3 0.2 
99 — — 0.5 0 0.2 
123 — — 0.7 0.1 0 
147 — — 0.3 0.1 0 
172 — 0 0.2 0.2 | 0.1 
340 ; — 0 0 0 | 0 


* Mass inoculation contained approximately 10" spores. 

{ Spore suspension poured into raw sewage. 

t During the first 40 minutes, successive samples (in the 
order listed) were taken as rapidly as possible. 
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' filter efuent after 40 minutes (that is, about 20 min- 


utes later than in the primary filter effluent). They 


hours, then gradually declined. 
At the end of 3 days, spores were no longer being 
carried into the primary filter with the primary settling 


- tank effluent. However, spores were still being released 


from both filters on the eighth day, at which time the 
fungus was recovered at the rate of 0.2 spores per ml 
from both effluents. This indicates detention of the 
spores in the filters. The finding of spores in the later 
stages after they had disappeared in earlier ones sug- 
gests an explanation for the presence of certain fungi in 
later stages and not in earlier stages during the regular 
sampling periods—the disseminules may have entered 
days earlier with the raw sewage. 

On the basis of the known rate of flow, approximately 
half of the spores can be accounted for as having left 
the plant in the final settling tank effluent. Many of the 
spores were probably caught temporarily in the filters 
and gradually sloughed through. Some probably were 
destroyed in the system, and some no doubt settled out 
in the settling tanks. Germination of some spores may 
have occurred in the system; if so the results do not 
indicate that A. niger was able to sporulate or to per- 
sist in the system. 


DISCUSSION 


From the literature (see Cooke, 1954a for a summary) 
one might initially conclude that both the occurrence 
and growth of fungi have been frequently observed and 
reported in domestic sewage. Consideration of the fol- 
loving points makes necessary some modification of 
this conclusion. Many workers include both filamentous 
bacteria (for example, Sphaerotilus natans, Zoogloea 
ramigera Itzigsbhn, and Beggiatoa alba) and protozoa 
(for example, Carchesium spp.) within the general term 
“sewage fungi.’’ Many of these species not only grow 
but play a major role in the purification processes of 
sewage plants; nevertheless they are not fungi in the 
strict sense. 

Furthermore, much of the literature reports not only 
on the occurrence of microorganisms in sewage plants 
but also in streams and other types of polluted water. 
Another important factor is the nature of the sewage 
itself. A number of the studies have dealt with dairy 
wastes, industrial wastes, and so forth, rather than 
with sewage of predominantly domestic origin as in the 
present study. For example, Leptomitus lacteus, a species 
not found in our study, “appears to prefer streams in 
which the waste from slaughterhouses, breweries, or 
sugar factories is emptied’”’ (Cooke, 1954a). 

In this study, although numerous species (table 1) of 
fungi were isolated from all stages, almost without ex- 
ception the density of any particular species was lower 
in a later stage of the sewage system than in earlier 
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stages. Table 2 lists the population densities for four 
species groups. Consequently, on the basis of the sam- 
pling methods used, no evidence of fungal growth was 
obtained in the sewage systems studied. Nevertheless, 
during the period of the study, a visible orange mat 
consisting of the mycelium of Fusarium aquaeductuum 
developed on the primary trickling filter. The sudden 
appearance of this organism on filter beds has been 
noted by numerous other workers (for example, Tom- 
linson, 1942). In spite of its obvious presence, no 
appreciable numbers of disseminules of this species 
could be demonstrated in the primary filter effluent 
samples collected during the presence of the mat or 
during the period of its disintegration. The low colony 
counts of F. aquaeductuum obtained from samples of 
the primary filter effluent during the period when this 
species was obviously growing on the bed of the pri- 
mary filter apparently indicates that the fungus does 
not sporulate to any appreciable extent in this habitat. 
If so, the same may be true of other filamentous fungi 
present in the sewage system. If the special habitat 
predisposes fungi to vegetative growth with little or no 
production of disseminules, plating of liquid effluent 
samples from the various stages may not give an ac- 
curate indication of the species of fungi present in 
sewage systems and their relative abundance in various 
stages. These results indicate that comparisons should 
be made between liquid effluent samples and samples 
taken directly from the slime present on the filter beds. 
Cooke (1954b, c) has presented the results of his studies 
on the basis of the total count of molds per gram dry 
weight of sample. 

However, while it can be postulated that mycelial 
forms may fail to produce disseminules, even though 
producing mycelia, it can only be concluded that uni- 
cellular fungi such as the yeasts are eliminated from 
raw sewage as it passes through the sewage system. In 
such species growth consists primarily of an increase in 
the number of unicellular individuals (asexual repro- 
duction), and the individual cells are free-floating. The 
consistent reduction in the numbers of yeasts isolated 
from the effluents of successive stages is not indicative 
of growth but rather of elimination. 

Samples were taken from the digesters twice. On 
both occasions Geotrichum candidum was present in ap- 
preciable numbers in both digesters of both sewage 
plants. Further investigations are needed to determine 
the significance of this organism in the anaerobic por- 
tions of the sewage systems. 

The influx of Penicillium lilacinum and _ nonpig- 
mented yeasts at both sewage plants on January 16 
followed heavy precipitation in the Pullman-Moscow 
area. From January 11 through January 14 over 1 inch 
of rain fell in the region. During such periods storm 
washings comprise an appreciable portion of the total 
volume passing through both sewage systems. Again, 
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the counts of P. lilacinum and the yeasts were highest 
in the raw sewage and decreased from stage to stage 
through the plant. 
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SUMMARY 


Methods and media used in a study of the true fungi 
present in the Moscow, Idaho and Pullman, Washing- 
ton sewage-treatment plants are presented. The sewage 
entering these two plants is primarily of domestic 
origin. 

Except in the case of Fusarium aquaeductuum, fungus 
mycelium could not be found by direct examination of 
either effluents or slime scrapings. 

Pour plating of liquid samples from the various stages 
of the two systems almost always demonstrated a lower 
fungal population density in later stages than in earlier 
stages. These results fail to indicate that most fungi 
multiply in sewage systems. 

Raw sewage is apparently the immediate source of 
most fungi present in these sewage plants. 

Yeasts are the most prevalent fungi in these sewage 

systems. 
Bi The term ‘fungi’ has been loosely applied in the 
literature dealing with the microflora of sewage. Many 
workers include various species of filamentous bacteria 
within this category. 

The growth of certain species of fungi in sewage as 
reported in the literature may be explained by the influx 
of various organic industrial wastes into the sewage 
systems investigated. 


During March, 1953, the slime on the primary 
trickling filter of the Pullman, Washington ~eWage 
plant developed an orange color attributed to th. pres. 
ence of Fusarium aquaeductuum. Although the presence 
of this species was confirmed by microscopic ex:ming. 
tion of the orange slime, no marked increase in the 
number of disseminules of this species could be demop. 
strated in the effluent of the primary trickling filter. 
These results indicate that this species produces fey 
spores or other disseminules in this habitat. The same 
may be true of other species. Quantitative comparisons 
should be made between effluent samples and slime 
samples taken from the trickling filters. 

Mass inoculation of the Pullman, Washington sewage 
plant with spores of Aspergillus niger permitted study 
of the disseminule detention time in the system. On 
the basis of the rate of flow, approximately half of the 
spore inoculum passed through the system and was 
eliminated in two weeks time. There was no indication 
of reproduction of the species in the sewage system. 
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rae Paper Chromatography of Antifungal Antibiotics 
res. 
Z Atrrep AMMANN AND Davin GortrLies 
the Department of Horticulture, University of Illinois, Urbana, Illinois 
1On- 
ter. Received for publication January 3, 1955 
few 
ume Paper chromatography is very helpful in the identi- allowing more research to be applied to antibiotics 
ons — fication and comparison of antibiotics, but very few which are new and different. The studies reported in 
ime — results from the application of this technique have been this paper should serve as a guide to the identification 
published so far. The awakening of interest in the of some of the known antifungal antibiotics. 
age search for antibiotics which are active against fungi 
idy [| pathogenic to plants and animals makes the investiga- MATERIALS AND MeTHODS 
On — tor aware of the scant information that is available to The one-dimensional, ascending paper chromatogram 
the f help characterize such agents. A knowledge of the Rj technique was used. The paper strips (18 x 35 cm) 
vas values of the known antifungal agents would help ad- were cut from large sheets of Whatman filter paper No. 
ion vance the search for such therapeutic materials. Often 1 (47 x 57 em) by dividing the long dimension into 
these values, in conjunction with the biological inhibi- widths of 18 em and then cutting these sections to a 
tory activities, are the only criteria by which one can length of 35 em. Solutions of the antibiotic were placed 
determine whether the unknown agent appears to be a 3 cm from the lower edge of the strip with a micro- 
rit new material. When the R; data are obtained for shake pipette in 5-lambda (0.005-ml) portions until the de- 
cultures, one can eliminate many previously described sired quantity of substance had been added. The 
‘4 antibiotic-producing organisms from further study, thus amounts placed on the paper varied with the sensitivity 
ge. TABLE 1. Details of Pyrex dish technique 
a6, ae . vee Incubation |Incubation . . . 
Test Organism Antibiotics Agar ine Temp Spore Suspension 
he —_ ——_—_—____ — —_— |__| — — 
nd ” . 
Penicillium oxalicum 99* Filipin Trypticase soy agart 18-24 26 5 ml with a light transmis- 
18 | Nystatin sion of 50% in 120 ml agar 
Fradicin 
iy | Ascosin 
hi- Thiolutin 
Rimocidin sulfate 
in | Trichomycin 
nd — a — -—--— ae to 
Glomerella cingulata 100 Antimycin A Trypticase soy agarf 40 26 5 ml with a light transmis- 
| sion of 50% in 120 ml agar 
Bacillus subtilis Cohn 23 Actinomycin Emerson’s agar§ 18 30 400,000 spores per ml agar 
| Gliotoxin | 
| Nigericin | | 
Streptothricin | | | 
sulfate | | 
Candida albicans 40 Candicidin / | Emerson’s agar is | 30 |1 mi 1-day-old Emerson’s 
| Endomycin broth culture in 120 ml 
| | | agar 
Saccharomyces sp. 45§ Cycloheximide | Emerson’s agar | 18-24 30 1 ml 1-day-old Emerson’s 
| broth culture in 120 ml 
agar 
* Numbers for test organisms correspond to numbers used in the collection of D. Gottlieb, Horticulture Field Laboratory, Uni- 
versity of Illinois, Urbana, Illinois. 
+ Baltimore Biological Laboratories, Baltimore, Md. 
t To prevent bacterial contamination 100 ug/ml Chloramphenicol were included in the agar. 
§ Yeast extract, 1 g; bactopeptone, 4 g; beef extract, 4g; NaCl, 2.5 g; cerelose, 10 g; agar, 15 to 20 g; distilled water, 1000 ml 
{| Probably S. pastorianus. 
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of the test organism, the solvent for the antibiotic, and 
the solvent system used for developing the chromato- 
gram. Four materials were tested on each strip. Eight 
hundred ml of solvent mixture were placed in the bot- 


tom of cylindrical glass jars (25 x 45 em). After the 
spots of solution on the paper strip had dried, the shee 
was suspended in the jar so that approximately 1 ey 
dipped into the solvent system. The papers were they 


developed at 26 C until the solvent front had mo\ ed up IE With ant 
TABLE 2. Solvent systems and their development 











































































































about 27 cm. The strips were then air-dried and placed Actinol 
..—— setter on seeded assay plates for 10 to 15 minutes. ' 
owe oe, so 6 38 Endom 
Develop- 2 : 2 > ‘ 1” Wac 
Sead ieiisiia Woden —— rhe Position of the antibiotic on the paper was Glioto: 
| Time determined in the following manner: The Pyrex dish Nigeri 
7 - ’ technique (Peterson and Reineke, 1950) was used and Strept 
I | Water saturated n-Butanol 15-16 120 ml of a seeded agar particularly suited to each ania 
II | n-Butanol:acetic acid: HO (2:1:1) 15-16 organism were placed in the sterile dish. All plates were a 
III | n-Butanol:pyridine:H2,O (1:0.6:1) 15-16 . : : . With an 
. ig i = prepared immediately before putting the paper strip on Antim 
IV | 3% Ammonium chloride 2-3 . , ce 
V_ | 50% hydrous acetone 6-7 the seeded agar. After incubation, clear zones occurred _ 
VI | Benzene:acetic acid:H.O (2:2:1) (organic | 7-10 wherever the antibiotic had diffused from the paper into z a 
-_ : rac 
layer) the agar. The distance that the solverit system had au 
- g é F vate 8- : : a 
_ | his emnenee mena witer _ a al moved in the same time was measured on the original Ascosin. 
Candici 
ee E- ; Trichon 
TABLE 3. Amount of antibiotics used on paper strips Py a 
Minimum and Maximum Amounts in ug Brought on Paper Strips for Solvent Nystati 
Antibiotic Purity Deneemteetion nod Selvent ae : = System No. :* Rimocic 
2 Sa, ae ee i Mn ee ee ee a 
Actinomycin..............| Crystals | 1 mg/ml in acetone 2-3 | 2-3 2-3 2-50 2-3 | 2-50 | 2-10 t = 
100 ug/ml in ace- | 0.2-0.5 : . 
t : | | | | § Wi 
one | 
Antimycin A........ ..| Crystals 1 mg/ml in meth- | | 5-100, 
anol | | | | paper | 
100 ug/ml in meth- | 0.2-0.25 | 0.3 0.3 0.3 | moven 
anol | | Seve 
10 ug/ml in meth- | | 0.05 | 0.1 ntti 
anol | | at 
Ascosin.......... .....-.-| Crude | 1 mg/ml in meth- 7 =| «25 | 25-75 75 | 25-75 | 75 activit 
| | anol | | | man ¢ 
Candicidin A.... | Crude, 6000 u/ | 1 mg/ml in 50% | 100-150 100 300 400 | 75-100 | 150 | Roche 
| mg | ethanol | | shee ¢ 
Cycloheximide . .| Crystals | 100 ug/ml in dis- 0.2-1 | 0.2-1 | 0.2-1 | 0.2-1 |0.2-0.5 | 0.2-1 . 
a | | consin 
| | tilled water ‘ 
Endomycin..... ......| Crude 1000 u/mg | 1 mg/ml in meth- 200 200 200 200 200 | 200 irom 
; anol | diana, 
DME es eS cea am Crude 500 u/mg | 1 mg/ml in meth- | 75-100 | 75-100 75 75 50-75 | 50-75 | 50-100 from | 
ol | anol | | | cyclok 
al) ES | Crystals 1 mg/ml in ethyl- 40-75 40-75 | 40-75 | 50-75 | 25-100 | 40-75 | 75-100 Co. I 
| ene dichloride | | i 
Gliotoxin..... ee _..| Crystals lmg/mlinacetone | 15-50 15-50 | 15-50 | 10-15 | 15-50 | 15-50 | 1951; 
Nigericin..... ...>--..| Crystals | 1 mg/ml in meth- | 25-50 25-50 | 25-50 | 25-50 | 5-25 | 50 | gan); 
| | anol | | | sity 0 
| ; | - 
| 100 pg/ml in meth- | | 1 1950; 
| anol | | Terre 
Nystatin........... | Crude | 400 ug/ml in meth- | 30-40 | 30-40 40 20-40 | 20-40 | 40 | i 
| | anol | | | | 1945; 
Rimocidin sulfate. ... Crystals ' 1 mg/ml in meth- 25 | 25-100 | 25-100 | 75-100 25-75 | 50-75 | Illino 
| anol | | Com 
Streptothricin sulfate.....| Crystals 1 mg/ml in 50% 50 | 50 20-50 50 | 20 | 50 | nyste 
| methanol | | S “il 
Thiolutin........ Feld ..| Crude, 660 yg/ | 1 mg/ml in meth-| 50-75 | 50-75 | 50-75 | 25-75 | 7 | 7 | 25-35 q | 
| mg | anol | | sulfa 
Trichomycin..............| 3200 u/mg | 1 mg/ml in ethyl- | 5-50 5 2-5 | 5-25 | | 10 | Pfize 
| ene | | | | | sulfa 
| 100 ng/ml in ethyl- | | 1-2 Upjc 
ene 
ei et al 





* Composition of these systems is given in table 2. Broc 
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the TABLE 4. Ry values* of 15 antibiotics 





sheet 

L em Antibiotic 
then ee 
dup with antifungal and antibacterial activity 
ace( Actinomycin 


R¢ Value in Solvent System No.:f 














0.93 0.86 


0.95 0.96 
0.98 


0.98 | 
0.09 


0.13 | 
0.90 0.93 


Endomycin........ 
Gliotoxin 

dish Nigericin............ 
and Streptothricin sulfate 
Thiolutin 


Was 


ach Wrenn hn Seem 
vere | | | 
0.98 


| 0.97 
0.96 | 
0.95 | 


0.96 
0.96 
0.85 | 0.94 
0.88 | 0.79 
0.86 | 0.80 





) On Antimyein A...... 
rred Cycloheximide . 
Lh nee 


into sgh 
Fradicin......... 


had 








Inal REMMI x ck ao 50 


Candicidin A........ 


Trichomycin........ Rest | 0. | 0.85 | 





NOMIMIAT ios sae 
Rimocidin sulfate. . 


* Average of at least two determinations. 

+ Composition of these systems is given in table 2. 
t With amounts of 2 to 10 ug. 

§ With amounts of 0.2 to 0.5 ug. 


paper strip. An Ry value was calculated as the ratio of 
movement of the antibiotic to that of the solvent front. 


1952; obtained from National Institute of Health, 
Tokyo, Japan). 


Seven solvent systems were used for 15 different 
antifungal agents, 6 of which also show antibacterial 
activity. These antibiotics were: actinomycin (Waks- 


All further information concerning the test organisms, 
solvent systems, concentrations of different antibiotics, 
and so forth, is given in tables 1, 2, and 3. 


man and Tishler, 1942; obtained from Hoffmann-La 
Roche Ine., Nutley, New Jersey); antimycin A (Dun- 
shee et al., 1949; obtained from University of Wis- 
consin, Madison); ascosin (Hickey et al., 1952; obtained 
from Commercial Solvents Corp., Terre Haute, In- 
diana); candicidin A (Lechevalier et al., 1953; obtained 
from Rutgers University, New Brunswick, New Jersey); 
cycloheximide (Whiffen, 1948; obtained from Upjohn 
Co., Kalamazoo, Michigan); endomycin (Gottlieb e¢ al., 
1951; obtained from Upjohn Co., Kalamazoo, Michi- 
gan); filipin (Gottlieb et al.; produced at the Univer- 
sity of Illinois, Urbana, Illinois); fradicin (Swart et al., 
1950; obtained from Commerical Solvents Corp., 
Terre Haute, Indiana); gliotoxin (Brian and Hemming, 
1945; obtained from the University of Illinois, Urbana, 
Illinois); nigericin (Harned et al., 1951; obtained from 
Commercial Solvents Corp., Terre Haute, Indiana); 
nystatin (Hazen and Brown, 1951; obtained from E. R. 
Squibb & Son, New Brunswick, New Jersey); rimocidin 
sulfate (Davisson et al., 1951; obtained from Chas. 
Pfizer & Co., Inc., Brooklyn, New York); streptothricin 
sulfate (Waksman and Woodruff, 1942; obtained from 
Upjohn Co., Kalamazoo, Michigan); thiolutin (Seneca 
et al., 1952; obtained from Chas. Pfizer & Co., Inc., 
Brooklyn, New York); trichomycin (Hosoya et al., 


RESULTS AND DISCUSSION 


The R; values of the 15 antibiotics are given in table 
4. In a few cases certain solvent systems were unsatis- 
factory for specific antibiotics. For example, ascosin, 
candicidin A, and fradicin in 50 per cent acetone gave 
R; values which varied over a rather wide range. 
Nystatin and rimocidin sulfate were inactive when 
placed in 3 per cent ammonium chloride. Nigericin, 
even though crystalline, always gave two spots in the 
benzene-acetic acid-water system. 

The results in table 4 provided the information for 
preparing two flow sheets (figures 1 and 2), on which 
most of the 15 antibiotics can be separated on the basis 
of their R¢ values. In some cases the differences are not 
very pronounced and other properties of the material 
must also be considered in order to determine the iden- 
tity of the antibiotic. Separation of the ascosin-can- 
dicidin-trichomycin and _ nystatin-rimocidin groups 
(Okami et al., 1954; Vining et al., 1954) was very 
difficult with the solvent systems used in this study and 
ascosin could not be separated from trichomycin. Fur- 
ther research with other solvent systems will certainly 
lead to a better separation of these two groups and 
their members. 
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Fig. 1. Flow sheet for the separation of six antibiotics with antifungal and antibacterial activity on the basis of their Rr values 


in five solvent systems. 


In general, the paper chromatography technique has 
been helpful in establishing the identity of these anti- 
biotics. But it is even more important that the infor- 
mation can be used to establish differences. This is 
especially necessary in the search for new antibiotics, 
for all other known materials must be ‘ruled out.” 
Consistent differences among known materials and the 
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unknown, when run under the same conditions, would 
indicate the presence of a new material. While paper 
chromatography is a useful technique, it is not a specific 
criterion, for it sometimes fails to differentiate some 
closely related antibiotics. It can best be used in com- 
bination with the other methods of differentiation 
available to the microbiologist and chemist. 
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Fie. 2. Flow sheet for the separation of nine antibiotics with antifungal activity on the basis of their R¢ values in five solvent 


systems. 


SUMMARY 


The Re values of 15 antifungal antibiotics (6 of 
which show also antibacterial activity) in various sol- 
vent systems have been described. Flow sheets have 
been constructed for the separation of most of these 
agents on the basis of these data. 


REFERENCES 


Brian, P. W., aNnp Hemmine, H.G. 1945 Gliotoxin, a fungi- 
static metabolic product of Vrichoderma viride. Ann. 
Appl. Biol., 32, 214-220. 


Davisson, J. W., TANNER, F. W., Jr., FINLAY, C. A., AND SoLo- 
mons, I. A. 1951 Rimocidin, a new antibiotic. Anti- 
biotics & Chemotherapy, 1, 289-290. 

DunsHEB, B. R., Lepen, C. Keirrt, G. W., anv Strona, F. 
M. 1949 The isolation and properties of antimycin A. 
J. Am. Chem. Soc., 71, 2436-2437. 

GorrT.ieB, D., AMMANN, A., AND Carter, H. FE. 1955 
antifungal agent, filipin. Plant Dis. Rep., 39, 219. 

Gort.iEB, D., BHarracHarRyya, P. K., Carrer, H. E., anp 
ANDERSON, H. W. 1951 Endomycin, a new antibiotic. 


A new 


Phytopathology, 41, 393-400. 
Harnep, R. L., Htpy, P. H., Corum, C. J., Anp Jones, K. L. 
1951 


Nigericin, a new crystalline antibiotic from an un- 





1 86 5. 


identified Streptomyces. 
594-596. 

Hazen, E. L., anp Brown, R. 1951 
produced by a soil actinomycete. 
Med., 76, 93-97. 

Hickey, R. J., Corum, C. J., Hroy, P. H., Conen, I. R., 
NaGer, U. F. B., ann Kropp, E. 1952 


Antibiotics & Chemotherapy, 1, 


Fungicidin, an antibiotic 
Proc. Soc. Exptl. Biol. 


Ascosin, an 


antifungal antibiotic produced by a streptomycete. Anti- 
biotics & Chemotherapy, 2, 472-483. 
Hosoya, 8., Komatsu, N., Soppa, M., Yuwaaucui, T., ano 


Sonopa, Y. 1952 Trichomycin, a new antibiotic with 
trichomonadicidal and antifungal activities. J. Antibiotics 
(Japan), 5, 564-566. 

LECHEVALIER, H., Acker, R. F., Corke, C. T., HAENSELER, 
C. M., anp Waxsman, S. A. 1953 Candicidin, a new 
antifungal antibiotic. Mycologia, 45, 155-171. 

Oxami, Y., Uranara, R., Nakamura, S., AND UmMezawa, H. 
1954 Studies on antibiotic actinomycetes, IX. On Strep- 
tomyces producing a new antifungal substance mediocidin 
and antifungal substances of fungicidin-rimocidin-chromin 
group, eurocidin group and trichomycin-ascosin-candicidin 
group. J. Antibiotics, Ser. A (Japan), 7, 98-103. 

Peterson, D. H., AND REINEKE, L. M. 1950 A paper chro- 


Sorbic Acid as a Preservative for Sweet Cucumber Pickles’ 


J. M. SHENEMAN AND R. N. Costrtow 


Department of Microbiology and Public Health, Michigan State College, East Lansing, Michigan 


Received for publication January 10, 1955 


The preservation of sweet cucumber pickles may be 
accomplished by maintaining sugar and acetic acid 
concentrations at sufficient levels to inhibit all or- 
ganisms. However, this is not possible in the manu- 
facture of low Baumé, low acid sweet pickles, and 
therefore it is necessary either to pasteurize such 
products or to add sodium benzoate. 

Recent work by Gooding (1945), Smith and Rollin 
(1954) and Deuel et al. (1954a, b) indicates that sorbic 
acid (2,4-hexadienoic acid) may be more efficient and 
less toxic as a food preservative than sodium benzoate. 
Melnick et al. (1954) found that sorbic acid would not 
prevent the growth of molds in cheese when the initial 
contamination was great. Therefore, it could not be 
used to preserve cheese prepared under unsanitary 
conditions. These studies have resulted in the tentative 
acceptance of this agent as a harmless food preservative 
by the U. 8S. Food and Drug Administration. 

Phillips and Mundt (1950) and Jones and Harper 
(1952) reported that 0.1 per cent sorbic acid would pre- 
vent the growth of surface yeasts in cucumber fermen- 
tations. Emard and Vaughn (1952) found sorbic acid to 
inhibit many species of microorganisms, including 
yeasts, molds and bacteria. A concentration of 0.07 
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per cent at a pH of 5.0 to 5.5 was sufficient to inhibit 
the catalase positive organisms but allowed the catalase 
negative group to grow rapidly. The inhibitory action 
was related to the pH of the medium; as the pH de- 
creased, the efficiency of inhibition increased. 

Phillips and Mundt (1950) reported that the use of 
0.1 per cent sorbic acid in cucumber fermentations had 
no adverse effect on the flavor of the finished pickles. 
Smith and Rollin (1954) noted that concentrations 
much larger than 0.1 per cent were necessary to be 
detected in the flavor of cheese. 

Due to the apparent desirability of sorbic acid over 
sodium benzoate as a food preservative, a study was 
instigated to determine the efficiency of this compound 
in the preservation of sweet. cucumber pickles. This 
paper presents the results of studies of the inhibitory 
effect of sorbic acid in combination with sucrose and 
acetic acid on yeasts from spoiled pickles and on lac- 
tobacilli. Experiments were conducted both in labora- 
tory media and in sweet pickles. 


EXPERIMENTAL METHODS 


The yeast cultures used in this study were three 
strains of “spoiled pickle yeasts’: SPY-15, SPY-21 and 
SPY-29. They were isolated and described by Bell and 
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‘Etchells (1952) among 35 similar organisms from 15 
‘samples of spoiled pickles. These isolates were found to 
‘be closely related to Zygosaccharomyces globiformis 


Kroemer et Krumbholz. The three strains used were 
obtained from Dr. L. J. Wickerham, Northern Utiliza- 
tion Research Branch, Agriculture Research Service, 
United States Department of Agriculture, Peoria, 
Illinois. 

Two strains of Lactobacillus plantarum, L-5 and L-10, 


‘were tested. These cultures were isolated from com- 


mercial cucumber fermentations and identified in this 
laboratory. 

The test media for growth inhibition studies were 
prepared from basal broths containing the necessary 
nutrients for the growth of the organisms. The basal 
broth for yeast growth was that used by Bell and 
Etchells (1952) and consisted of 0.5 per cent peptone, 
0.25 per cent yeast extract and 0.5 per cent sodium 
chloride. The basal broth for L. plantarum contained 1.0 
per cent tryptone and 0.5 per cent yeast extract. 
Sucrose, sorbic acid and acetic acid were added to the 
test media on a per cent by weight per unit volume basis. 

The finished media were dispensed in culture tubes 
for lactobacilli and Durham fermentation tubes for 
yeast growth tests. The tubes of media were sterilized 
at 15 pounds pressure (121 C) for 15 minutes and cooled 
rapidly; pH values were determined with a Beckman 
pH meter. 

Cultures were prepared for inoculation of test media 
by subculturing at 24-hour intervals at least three times 
in the basal broths used for the test media. Ten per 
cent sucrose was added to the yeast basal medium and 
2 per cent to the medium for L. plantarum. The various 
sugar, acetic acid and sorbic acid test broths were inoc- 
ulated with one drop of a 24-hour broth culture of the 
organisms. 

The inoculated test media and uninoculated controls 
were incubated at 30 C for 21 days. Observations were 
made frequently for growth. Yeast growth was esti- 
mated by turbidity, sediment and gas formation in the 
Durham tubes. Turbidity and increase in titratable 
acidity were used to estimate growth of L. plantarum. 


RESULTS 


Effect of sorbic acid on the growth of ‘‘spoiled pickle 
yeasts.”’ Preliminary experiments demonstrated that 
the inhibitory action of sorbic acid toward yeasts was 
very dependent on pH. Thus, all three strains of yeasts 
tested were inhibited by 0.1 per cent sorbic acid at pH 
4.0 and below; but all grew in the medium at pH 4.5 
and above. 

To determine the effect of sorbic acid in conjunction 
With sucrose and acetic acid an experiment was set up 
as follows: 

The test media contained 2, 10, 20, 30, and 40 per cent 
sucrose as final concentrations. Broths containing 0, 0.5, 


TaBLE 1. pH range of the basal medium for yeast growth 
with various concentrations of acetic acid, 
sorbic acid, and sucrose* 


Per Cent Acetic Acid 





Per Cent} —— —s eee 
sored ME cee NO AE Dee 2 Oe 

pH range 
0.0 | 6.5 | 3.90-3.70| 3.65-3.40 3.35-3.15. 3.20-3.00 
0.05 | 6.30-5.70 | 3.90-3.60 3.60-3.40| 3.35-3.20| 3.20-3.00 
0.10 | 5.35-4.50 | 3.90-3.50| 3.65-3.40, 3.35-3.201 3.20-3.00 


* In general, the pH decreased as the sucrose concentration 
was increased from 2 to 40 per cent. 


1.0, 2.0 and 3.0 per cent acetic acid were prepared for each 
sugar concentration. Sorbic acid concentrations of 0, 0.05, 
and 0.1 per cent were used in conjunction with each sugar 
and acid combination. The pH of the media containing no 
acetic acid or sorbic acid was adjusted to 6.5. The other 
media were not adjusted. The ranges in pH of the various 
media are given in table 1. 


Figure 1 shows the levels of sucrose and acetic acid 
at which no yeast growth occurred in the control and 
at the two sorbic acid levels. Growth was evident by at 
least one of the three SPY strains tested at all points 
below these levels. 

At least 2.0 per cent acetic acid was required to in- 
hibit the yeasts in the control media and 3.0 per cent 
acetic acid was necessary to prevent growth when the 
sucrose concentration was 10 per cent or less. The use 
of 0.1 per cent sorbic acid in combination with 0.5 
per cent acetic acid inhibited yeast growth completely 
at all sucrose concentrations. This was as expected from 
the results of the preliminary experiments since the pH 
values of the media with 0.5 per cent acetic acid were 
all below 4.0. 

Very definite inhibition of the SPY cultures was noted 
with 0.05 per cent sorbic acid but not nearly to the ex- 
tent noted with 0.10 per cent. Thus, with 0.05 per cent 
sorbic acid growth was noted in 40 per cent sucrose 
broth without acetic acid; in 30 per cent sucrose broth 
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Lactobacillus plantarum in sucrose-acetic acid media. 


with 0.50 per cent acetic acid; and in 20 per cent sucrose 
and below with 1.0 per cent acetic acid. 

Effect of sorbic acid on the growth of L. plantarum. 
Another experiment was set up in exactly the same 
manner as the one just described to determine the com- 
bined effect of these agents on L. plantarum. The ranges 
of pH values for these media were from 0.1 to 0.3 unit 
higher than those noted in table 1 in all cases except 
for the pH adjusted medium with no acetic acid or sor- 
bic acid added at pH 6.5. 

No growth occurred in any of the test broths con- 
taining 1.0 per cent acetic acid or over (figure 2). With 
0.5 per cent acetic acid, one of the two strains tested 
grew in 30 per cent sucrose broth with no sorbic acid 
and in 10 per cent with 0.05 per cent sorbic acid. How- 
ever, 0.1 per cent sorbic acid and 0.5 per cent acetic 
acid resulted in the inhibition of both cultures of L. 
plantarum, irrespective of the sugar concentration. 

Effect of sorbic acid on the preservation of experimental 
packs of sweet cucumber pickles. To test the effectiveness 
of sorbic acid in the actual preservation of sweet cu- 
cumber pickles, 120 pints of sweet pickles were pre- 
pared from freshened salt stock. Sucrose concentrations 
of 10, 20, 30, and 40 per cent were used and acetic acid 
levels of 0.5, 1.0, 2.0, 3.0, and 4.0 per cent used at each 
sugar concentration. Duplicate jars were prepared con- 
taining 0.0, 0.05 and 0.1 per cent sorbic acid with each 
sugar and acetic acid combination. The pH ranges of 
the syrups after equalization were as follows: 0.5 per 
cent acid, pH 3.90 to 4.0; 1.0 per cent acid, pH 3.80 to 
3.90; 2.0 per cent acid, pH 3.60 to 3.70; 3.0 per cent 
acid, pH 3.50 to 3.55; and 4.0 per cent acid, pH 3.45 to 
3.50. 

After 3 weeks incubation at room temperature, no 
visible signs of spoilage were apparent in any of the 
packs. Therefore, all packs were challenged by inocula- 
tion with a 1-ml saline suspension of cells centrifuged 
from broth cultures of SPY-21 and L. plantarum L-5. 
One ml of this suspension contained 9.5 & 10° cells of 
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the L-5 culture and 1.5 X 10° yeast cells as dete: ning 
by plating procedures. 

Observations were made at frequent interyak 
through 5 months of storage at room temperatur:. Any 
jar showing signs of turbidity or gas evolution was 
considered spoiled. Where any doubt existed as 
whether a jar was spoiled or not, counts were ran fo 
viable and nonviable yeast cells. These counts wep 
made with a hemacytometer counting chamber using 
erythrosin as a differential dye as recommended by 
Bell and Etchells (1952). No significant increase in the 
number of yeast cells was noted in any of the jars of 
sweet pickles which did not show visible signs ¢ 
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Fig. 3. Preservation and spoilage of sweet cucumber pickles 
compared with predictions based on growth tests of yeasts. 
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spoilage. Conversely, all jars which spoiled were found 
to have a marked increase in yeast population. 

The results of this experiment are given in figure 3 
and compared to predictions based on results of the 
yeast growth tests. All jars having less than 2.0 per cent 
acetic acid and which did not contain sorbic acid spoiled 
within 2 weeks after inoculation. When 0.05 per cent 
sorbic acid was used, 1.0 per cent acetic acid was suffi- 
cient to preserve at all sugar concentrations. Jars pre- 
pared with 10 and 20 per cent sucrose, 1.0 per cent 
acetic acid and 0.05 per cent sorbic acid did not spoil 
as predicted. However, the SPY culture did grow in the 
duplicate jars with 40 per cent sucrose, 0.5 per cent 
acetic acid and 0.05 per cent sorbic acid while it did not 
grow in the culture medium. This may have been due to 
a difference in pH since the pH of syrup in the jars was 
4.00 and that of the corresponding culture medium was 
3.65. 

As predicted from the yeast growth tests, all the 
sweet pickles treated with 0.1 per cent sorbic acid were 
preserved without evidence of any microbial activity. 

No marked change in the color, texture or flavor of 
the sweet pickles due to the addition of sorbic acid was 
noted. 


DISCUSSION 


The results of this study indicate that sorbic acid is 
a very excellent preservative for sweet cucumber 
pickles. By the use of 0.1 per cent sorbic acid, the 
manufacturer could alter his vinegar-sugar ratios at 
will, providing a minimum concentration of 5 grains 
(0.5 per cent) acetic acid was maintained. Since the 
acetic acid concentration in sweet cucumber pickles is 
normally much higher than this, sorbic acid would 
provide a wide margin of safety in such products. 

When compared with the preservation prediction 
lines using sodium benzoate devised by Bell and Etchells 
(1952), sorbic acid appears to be much more effective. 
They noted that 50 per cent sucrose was required in 
conjunction with 0.5 per cent acetic acid and 0.1 per 
cent sodium benzoate to prevent growth of pickle 
spoilage yeasts. When only 10 per cent sucrose was 
used, the acetic acid had to be increased to 2.5 per cent. 
In this study, 0.05 per cent sorbic acid was found to be 
slightly more effective than this and, as noted above, 
0.1 per cent sorbic acid was much more inhibitory. 

It should be emphasized that the possibility always 
exists that some organism which will spoil pickles may 
be found which is more resistant to sorbic acid than the 
test strains used here. In such case, it would be neces- 
sary to reevaluate sorbic acid using such an organism. 
The authors hope that this report will stimulate the 
testing of this compound in large experimental lots of 
sweet pickles prepared under commercial conditions. 

Although sorbic acid has been tentatively accepted 
as a harmless food preservative for use as a mold inhibi- 
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tor on cheese, before using this compound in any other 
food the manufacturer should contact the Department 
of Health, Education and Welfare, Food and Drug 
Administration, Washington 25, D. C. for approval. 
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SUMMARY 


Results of studies conducted in laboratory media and 
in experimental packs of sweet cucumber pickles showed 
that 0.1 per cent sorbic acid in combination with 0.5 
per cent acetic acid would prevent the growth of three 
strains of yeasts from spoiled pickles and Lactobacillus 
plantarum. Complete inhibition of these organisms was 
noted by this combination in sucrose solutions ranging 
from 2 to 40 per cent. 

With 0.05 per cent sorbic acid, 1.0 per cent acetic 
acid was required in 30 and 40 per cent sucrose solu- 
tions; and 2.0 per cent acetic acid in 2, 20 and 30 per 
cent sucrose solutions to inhibit the osmophilic yeasts 
tested. When no sorbic acid was present, 2.0 per cent 
acetic acid was required to inhibit the yeasts in sucrose 
solutions of 20 per cent and above, and 3.0 per cent 
acetic acid was necessary in 2 and 10 per cent sucrose 
media. 
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While microplating has been used for the enumera- 
tion of bacteria in foods and other materials, there are 
apparently no reports on application of the procedure 
for estimating mold numbers in soil. The present study 
was designed to investigate the applicability of such 
a method for mold counts on a variety of soil types and 
on a soil treated with selected pesticides. 

Since 1886 when Adametz first attempted to isolate 
and systematically describe soil molds, dilution and 
plating procedures have been widely employed for 
quantitative estimates of these organisms (Waksman, 
1932). In a review of factors influencing plate counts, 
Brierley, Jenson and Brierley (1927) have listed such 
important variables as sampling, suspension, disinte- 
gration of soil particles, dilution, plating, incubation 
and counting. To these may well be added differences 
in pipetting, clumping, growth rate and reciprocal bio- 
logical effects such as antagonistic or stimulating in- 
fluences of adjacent colonies during incubation. 

The Cholodny slide technique (Cholodny, 1930) is 
useful for demonstrating changes in predominating 
types of soil microbes, and Jensen (1935) has used the 
method for quantitative estimation of mold vegetative 
development by calculation of the percentage of micro- 
scopic fields showing mycelia or hyphae. 

The little plate technique for counting microor- 
ganisms was first introduced by Frost in 1916. In an 
elaborate comparison of standard plate counts, lactose 
agar plate counts, little plate technique, reduction 
tests, and direct microscopic counts, Simmons (1919) 
found close correspondence between little plate and 
standard plate methods for bacterial counts in milk, 
thereby substantiating Frost’s earlier work. Nickerson 
(1948) and Estabrooks and Bollen (1953) devised ap- 
plications of the little plate method for counting bac- 
teria in frozen foods and obtained a precision of the 
same order as that of standard plate counts. 


EXPERIMENTAL METHODS 


Medium. Glucose nutrient agar (GNA) of the follow- 
ing composition was found satisfactory for microplating. 


' Published as Technical Paper No. 891 with the approval 
of the Director of the Oregon Agricultural Experiment Station. 
Contribution of the Department of Bacteriology. 
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This medium (GNA) differs from peptone glucose 
agar (PGA) (Waksman and Fred, 1922) mainly in the 
omission of potassium acid phosphate and magnesium 
sulfate and in the inclusion of beef extract. Prior to use, 
the dispensed and autoclaved medium was melted and 
cooled to 45 C, at which time sterile dilute sulfuric acid 
was added to lower the pH to 4. The acidified agu 
should not be remelted more than one or two times 
since it hydrolyzes with repeated heatings and becomes 
too fragile for microplate use. Practically the same num- 
ber of mold colonies develop from soils on GNA as on 
PGA. 

Soils used. For a comparative study of total counts 
obtained by poured-plate and microplating methods, 
five widely different Oregon soils and one soil from Lowa 
were selected to give variety in numbers and kinds of 
molds. Soils used in these comparative studies are 
shown in table 1. All samples were passed through a 
20-mesh screen, mixed, and stored in screw-cap bottles 
prior to use. 

To study effects of some important soil insecticides 
and herbicides on mold development in the Chehalis 
soil the following procedure was used. Chemically pure 
aldrin, DDT, 2,4-D, and 2,4,5-T in concentrations 
indicated in figures 2, 3, 4, and 5 were added to 25-g 
portions of soil, mixed on clean paper, and transferred 
to sterile, cotton-plugged 8-0z. prescription bottles. 
Water to give 60 per cent saturation was then added 
and the bottles were incubated at 28 C. To insure 
minimal sampling error and to prevent disruption or 
stimulation of mold growth likely to result if samples 
were taken from a single larger quantity of soil at 
various intervals, one bottle each of the control and 
treated soil was prepared for each day that a count was 
to be made. 

Preparation of dilutions. After each incubation period, 
a randomly selected bottle of each treatment was shaken 
gently to mix the soil. One gram of soil was then re- 
moved and added to a sterile water blank of appropriate 
volume to give a dilution of 1:100. This was shaken 
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TABLE 1 

Soil Number pH* Moisturet | Capscityt 

| per cent per cent 
1, Walla Walla silt loam 6.6 3 53 
2, Olympic clay loam. 5.2 4 53 
3 Webster silty clay loam{ 7.5 3 62 
4. Klamath peat. . ee cs 12 225 
5. Chehalis silty clay loam 5.7 5 57 

§. Umapine clay loam (salt grass 

knoll)... ... bce om 9.7 2 93 


*Determined by glass electrode on 1:5 soil:water sus- 
pensions. 

+ Water-free basis. 

tSample obtained with the assistance of J. A. Stritzel, 
Associate in Soils, Iowa State College. 


for 10 minutes on a mechanical shaker, after which 
coarse particles were allowed to settle for 5 minutes. 
A 10-ml aliquot pipetted from the approximate center 
of this dilution was further diluted in 90-ml blanks, 
each subsequent dilution being shaken 100 times by 
hand and allowed to settle 5 minutes before the next 
dilution or plating. A sufficient number of dilutions 
were used to insure one giving between 10 and 80 
colonies per plate. 

Plating and drying. Prior to use, clean microscope 
slides stored in 95 per cent ethanol were flamed and 
placed on a 45 C hot plate. Microplates on these were 
made by delivering 0.1 ml of the soil dilution to termi- 
nal areas of a flamed slide. For microplating the dilu- 
tions may be 10 times more concentrated than dilutions 
used for Petri plates. Two or three drops of the melted 
acidified medium were then added and the materials 
were mixed with a transfer needle, using vertical and 
horizontal streaking to spread the film as uniformly as 
possible over an area approximately 1.5 by 2.0 cm. 
An inoculating needle with the tip bent at a 30° angle 
was found useful for this mixing. Total area of the slide 
film is not critical since the entire microplate area is 
counted, but uniform distribution is desirable. After 
plating, the slide was placed in a moist chamber and 
incubated at 28 C for 24 to 30 hours. After incubation, 
drying was accomplished by placing the microplates 
for 5 to 8 minutes on a hot plate at approximately 85 C. 

Staining and counting. Well-developed colonies could 
be counted readily without staining the microplates, 
but small slowly developing mycelia were difficult to 
observe. Staining facilitated detection of microcolonies 
where the hyphae development was quite limited and 
allowed counts to be made on slides stored for various 
periods of time. The extra procedure involved in stain- 
ing was more than compensated by the resultant greater 
ease and accuracy in counting. 

Microplates were stained by immersing them for 2 
or 3 seconds in a solution of 1 per cent phloxine and 
1 per cent fast green in a 5 per cent aqueous solution of 





phenol. Following this, the slide was rinsed in a beaker 
of fresh tap water two or three times and then placed 
in a slide box until dry. This staining procedure colors 
the colonies blue or dark purple against a pale back- 
ground. Numerous fine particles of soil appear in the 
background (figure 6), especially with dilutions of 
1:100 or lower, but these offer no hindrance in detect- 
ing mold mycelia. A binocular microscope was used 
for counting with a magnification of 100 *. A mechani- 
cal stage is essential for complete and systematic count- 
ing of the entire film area. Microcolonies were recorded 
by means of a hand counter. Three to five minutes 
were required to scan each microplate, depending on 
the number of colonies present. 

All counts are expressed as numbers per gram of soil. 


RESULTS 


Petri plate counts and microplate counts on six dif- 
ferent soil samples and one of the samples which had 
been moistened and incubated 6 days were compared. 
Figure 1 illustrates results of this comparison for the 
various soils. Each point on the curve represents com- 
posite averages from five separate samplings of the 
same soil. Averages were obtained from a total of 30 
microcounts and 30 Petri plate counts for each soil. 

Statistical analysis. Table 2 shows that the over-all 
variance of microplate counts is significantly less than 
that of Petri counts, comparing 210 plates by each 
method. Figure 1 shows satisfactory agreement be- 
tween microplating and Petri plate counts for a wide 
range in total numbers. While considerable variation 
is obtained in a series of counts by either method the 
results demonstrate that microplating is as reliable as 
Petri plate plating for total mold counts in soil. 


TABLE 2. Average coefficient of varialion* of 
Petri and microplate countst 





| Coefficient of | 


| Variation | 
Soil Number | | Significant Difference 
| —_ Micro- | 
plate i 
counts | Counts | 











| per cent| per cent| 
| | 








1. Walla Walla silt loam.......| .079 | .075 | Insignificant 
2. Olympic clay loam......... | O11 | .007 | t 
3. Webster silty clay loam..... | .043 | .036 | Insignificant 
4. Klamath peat.............. | .187 | -246 | Insignificant 
5. Chehalis silty clay loam ...| .016 | .009 | t 
Chehalis silty clay loam, | | 
incubated................ | 0012, .0010, Insignificant 
6. Umapine clay loam (salt | | 
grass knoll) .............. | 046 | .054 | Insignificant 
PPOPAMO hops hoccm cee es | 054 | .061 § 
* Coefficient of variation = (standard deviation + mean 


count) 100. 
+ Thirty counts per method for each soil. 
t Significant difference at 1 per cent level. 
§ Significant difference at 5 per cent level. 
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LOG MEAN PETRI PLATE COUNTS” 
Fig. 1. Average microcounts versus average Petri counts. 
Numbers refer to soil types listed in table 1. z—numbers per 
gram of soil. i—incubated sample. 
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Fig. 2. Mold counts as shown by microplating after incuba- 
tion of soil in the presence of Aldrin. c—numbers per gram of 
soil. 


Effect of pesticides on mold counts. The microplating 
method was used to detect any stimulative or depres- 
sive effects on mold counts in Chehalis silty clay loam 
soil treated with four commercially available pesticides. 
DDT (p-dichloro-diphenyl trichloroethane), 2,4,5-T 
(2,4,5 trichlorophenoxyacetic acid), 2,4-D (2,4 di- 
chlorophenoxyacetic acid) and aldrin (a dimethano- 
naphthalene) were applied at rates of 100 and 10,000 
ppm. Application rates abnormally high compared to 
recommended rates were used to obtain “forced’’ re- 
sults as well as to allow for possible cumulative effects 
that could occur under field conditions. Microplate 
mold counts were determined at several intervals dur- 
ing 7 days incubation at 28 C. Results are presented 
in figures 2, 3, 4 and 5. 

At 100 ppm each of the pesticidal compounds showed 
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Fic. 3. Mold counts as shown by microplating after incubs 
tion of soil in the presence of DDT. «—numbers per gram oj 
soil. 
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Fic. 4. Mold counts as shown by microplating after incuba- 
tion of soil in the presence of 2,4-D. c—numbers per gram of 
soil. 
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Fig. 5. Mold counts as shown by microplating after incuba- 
tion of soil in the presence of 2,4,5-T. c—numbers per gram of 
soil. 
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Fie. 6. Appearance of typical microplate mold colonies on microplates (X100) 
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stimulative effects. Applications at 10,000 ppm showed 
definite inhibitory action in the case of 2,4,5-T and 
2,4-D while DDT caused a temporary increase fol- 
lowed by a drop in numbers to the level of the control 
soil. Aldrin at each concentration markedly increased 
the counts, which showed a peak at 5 days followed 
by a decline. Previous studies with 10 different soils 
showed that Aldrin at 200 and 1,000 ppm had no con- 
sistent influence on mold counts determined by usual 
plating procedure (Fletcher and Bollen, 1953). Some 
decreases and some increases were observed at several 
intervals during 30 days incubation but these did not 
correlate with soil type or treatment. 

Results noted with DDT agree with those obtained 
with entomology field plot soils where treatment with 
DDT at 137.5 pounds actual per acre increased mold 
counts (Bollen, Morrison and Crowell, 1954). 

Since field applications of the pesticides at recom- 
mended rates are lower than rates used in the labora- 
tory experiments, it is believed the effects on molds 
would be of no practical significance in soil fertility. 


DIscussiIon 

Occasionally colonies of acid-tolerant bacteria ap- 
peared on microplates. The number of these colonies 
was never large and no difficulty was encountered in 
distinguishing mold colonies. A 24- to 30-hour in- 
cubation time was found to be most practical for 
microplate mold counts, since it avoided overgrowth 
by spreaders and allowed completion of the procedure 
in a laboratory working day. 

In some instances large spreading colonies of repre- 
sentatives of the Mucorales were encountered. Such 
colonies completely cover the microfilm in a few hours, 
thereby preventing enumeration of colonies overgrown. 
This same difficulty is common with poured Petri 
plates. 

Appearance of typical colonies observed on micro- 
plates is shown in figure 6. Some of the more slowly 
developing colonies show little more than a single 
hypha. These are readily detectable with 100 xX 
magnification. 

Limitations of microplating. Since growth is halted 
at 24 hours, quantitative counts only are possible; 
differential characteristics are not sufficiently well 
developed to allow enumeration of represented genera. 
Also it is impossible to culture any colonies which 
might appear to be of interest. Drying and staining 
of films involve techniques not required in the Petri 
plating procedure. More or less eyestrain may result 
from prolonged counting of microcolonies. 

Advantages of microplating. Considerable saving in 
time is possible by microplating. A count may be 
obtained in slightly over 24 hours compared with the 
3 or 4 days required for Petri plates. One hundred ml 
of medium is sufficient to pour about five Petri plates 
while the same amount of medium is adequate for 


making 500 or more slide films. Thus, a consi: lerabj: 
saving may be realized, particularly if many plate 
are required. Inasmuch as microscope slides rathe 
than Petri plates are used, expenses for gl:ssway 
and breakage are considerably less and mucli les 
incubator space is required. Microcounts — pernii 
enumeration of small slowly developed mycelia the 
on Petri plates would be too small to observe or pos. 
sibly would be obliterated by more rapidly growing 
colonies. Once dried, microplates need not be stained 
or counted until convenient. The slides may be kept 
for future reference. 





SUMMARY 





Microplating may be used instead of the usual 
Petri plate procedure for determination of total mold 
counts in soil, and will give comparable results. It 
has advantages of more rapid results, lower cost, 
economy of space, convenience in counting, and less 
variation in replicate counts. Its disadvantages are 
possible eyestrain, lack of suitability for differential 
counts, and absence of viable isolates. 

The procedure was found useful for detecting changes 
in soil mold counts resulting from treatments with 
insecticides and herbicides. 
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